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vIntroduction 

Learning Unit Purpose
As our nation’s economy, society at large, and envi-
ronment are increasingly infl uenced by technolog-
ical innovations it is imperative that our educational 
system is able to keep pace and is able to prepare 
students for highly technical careers. This Project 
ProBase Learning Unit, titled Manufacturing Tech-
nologies, is designed to help prepare high school 
students who plan to go on to community college 
technical education or university-level engineering 
programs.

This unit is one of eight Learning Units 
developed by Project ProBase to address 
the critical need for upper high school tech-
nology education curriculum. The Project 
ProBase Learning Units utilize hands-on, 
problem-based activities to introduce funda-
mental technology concepts related to each 
context area standard identifi ed in Standards 
for Technological Literacy: Content for the Study 
of Technology published by the International 
Technology Education Association. 

Learning UnitLearning Unit
verview

You may be interested in the other Learning Units developed by Project ProBase:

•  Agriculture and Related Biotechnologies •  Construction Technologies

•  Entertainment and Recreation Technologies •  Energy and Power Technologies

•  Information and Communication Technologies •  Manufacturing Technologies

•  Medical Technologies •  Transportation Technologies
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Constructivist-based 
Teaching and Learning

Each Learning Unit is driven by authentic 
open-ended problems off ering multiple 
opportunities for students to construct 
knowledge about the world around them. 
Constructivism is a learning theory based 
on the belief that humans learn best when 
they construct their own knowledge based 
on their experiences.

One goal of the ProBase Learning Units is to 
provide a variety of authentic, contextually-
based experiences that students can use to 
construct accurate knowledge and develop 
appropriate skills across the contexts of 
technology. Constructivist learning is 
accomplished by providing experiences 
and opportunities that encourage students 
to construct accurate knowledge. Each 
Learning Unit considers the student as a 
creator of knowledge and assumes that the 
teacher will facilitate this acquisition of 
knowledge. This is contrary to the notion 
that teachers are “dispensers” of knowledge 
and requires a paradigm shi�  for some.

As facilitators of learning, ProBase instruc-
tors will need to prepare for class in a 
slightly diff erent way. Students will still 
need materials and equipment as they 
engage in activities. 

Instructors should review all of the learning cycles in 
advance so that they know what materials and equip-
ment to gather as well as what types of demonstra-
tions must be provided. Another important reason 
for reviewing the learning cycles is to begin thinking 
about appropriate questions to ask the students. 
Sample questions are provided in the Refl ection phase 
of each learning cycle. However, the instructor may 
want to go beyond these questions to probe student 
thinking to fi nd out the technological perspective 
students bring to the class. The instructor should 
ask questions that challenge student thinking and 
present new ideas that help students create concep-
tual change.
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Enduring Understandings

Each Learning Unit developed by Project ProBase 
was developed to address three to four enduring 
understandings derived from Standards for Techno-
logical Literacy: Content for the Study of Technology (STL) 
published by the International Technology Education 
Association (2000/2002). According to Wiggins and 
McTighe in Understanding by Design (1998, p. 10), an 
enduring understanding “refers to the big ideas, the 
important understandings, that we want students to 
‘get inside of’ and retain a� er they’ve forgo� en many 
of the details.”

This process yielded nine enduring under-
standings. For a complete list of enduring 
understandings along with corresponding 
essential questions, see appendix page AA.

Students will understand:

1.  That technological progression is driven 
by a number of factors, including indi-
vidual creativity, product and systems 
innovations, and human wants and 
needs.

2. That technological development for the 
solution of a problem in one context 
can spinoff  for use in a variety of o� en 
unrelated applications.

3. That technological change can be posi-
tive and/or negative and can have 
intended and/or unforeseen social, 
cultural, and environmental conse-
quences.

4. How technological systems work, the 
components of those systems, and how 
they fi t into the larger technological, 
economic, and social systems.

5. The compelling and controversial 
issues associated with the acquisition, 
development, use, and disposal of 
resources.

Connecting Standards for Technological Literacy: 
Content for the Study of Technology
Connecting Standards for Technological Literacy: 
Content for the Study of Technology
Connecting Standards for Technological Literacy: 

In an eff ort to distill the enduring under-
standings from STL, each standard was 
fi ltered through the following questions:

•  Does the standard represent a big idea  
having enduring value beyond the class-
room?

• Does the standard reside at the heart of 
the discipline?

•  Does the standard require uncoverage of 
abstract and o� en misunderstood ideas?

•  Does the standard off er potential for 
engaging students?



viii Project ProBase • Manufacturing Technologies

6. That the complexities of techno-
logical design involve trade-off s 
among competing constraints and 
requirements, including engineering, 
economic, political, social, and environ-
mental considerations.

7. That technological design is a system-
atic process used to initiate and refi ne 
ideas, solve problems, and maintain 
products and systems.

8. How technological assessment is used 
to determine the benefi ts, limitations, 
and risks associated with existing and 
proposed technologies.

9. How to utilize a variety of simple and 
complex technologies.

Essential Questions

Each enduring understanding must be 
“unpacked” to be meaningful for learning 
and instruction. Therefore, each enduring 
understanding has several essential ques-
tions associated with it. The essential 
questions are addressed through the 
learning cycles.

Bridge Competencies

In addition to focusing on the enduring understand-
ings derived from STL, each Learning Unit helps 
to address a set of Bridge Competencies developed 
in conjunction with a consortium of central Illinois 
community college partners. Representatives from 
this consortium reviewed each Learning Unit to 
identify where the Bridge Competencies were being 
addressed. Each Learning Unit contains a matrix that 
refl ects which Bridge Competencies are addressed in 
that specifi c Learning Unit.

Learning Unit Framework
Each Learning Unit developed by Project ProBase 
follows a similar format in an eff ort to be consistent 
and true to a constructivist-based curriculum.

Preliminary Challenge

Students will be introduced to the Learning Unit 
through a hands-on activity designed to pique 
their interest and begin to establish a focus for the 
Learning Unit.

Primary Challenge

Next the students are introduced to a robust Primary
Challenge, far too complex to be solved at this point 
in the unit. Students will be asked to refl ect on the 
knowledge and skills needed to reach a plausible 
solution to this challenge. This instructor-led discus-
sion happens just before the students are led through 
a series of four-phase learning cycles designed 
to develop the knowledge and skills necessary to 
successfully complete the Primary Challenge. Time is 
provided throughout the nine-week Learning Unit to 
actually work on a solution to the Primary Challenge.
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Phase one: Exploration

During this phase of each learning cycle, students 
will be exploring selected concepts while engaged in 
hands-on activities. The explorations are done indi-
vidually as well as in teams. The goal of the Explo-
ration phase is to have students construct accurate 
knowledge about each concept under investigation.

Phase two: Refl ection

The Refl ection phase of the learning cycle off ers an 
opportunity for students to think about what they 
know about the concepts under investigation. Their 
refl ections are recorded in an Inventor’s Logbook 
that can be used to check their understanding. 
This phase of the learning cycle also provides an 
opportunity for the instructor to clear up lingering 
misconceptions and to be sure that all students are 
ready to move on.

Exploration

Phase three: Engagement

The Engagement phase of the learning cycle 
allows the students to apply the knowledge 
and skills that they are constructing. This 
phase reinforces their understanding of 
the important concepts. The activities that 
students are engaged in are as authentic as 
possible and are o� en team activities. 

Phase four: Expansion

This phase of the learning cycle is where 
students can extend their new understand-
ings to new situations. Students should 
select one of the activities from the several 
that are suggested. Some of the Expansion
activities are designed to be done as indi-
viduals as homework and some are team 
activities.

E n

g a g e m e n t

Four-phase Learning Cycles

In order to develop plausible solutions for the Primary Challenge, students must gain accurate knowl-Primary Challenge, students must gain accurate knowl-Primary Challenge
edge and appropriate skills throughout each Learning Unit. The learning experiences found in the 
Project ProBase curriculum are developed using a four-phase learning cycle.
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Student and Instructor Roles During Each Phase of the Learning Cycle

Learning Cycle 
Phase Student’s Role Instructor’s Role

Exploration

• Interacts with materials 
and equipment

• Collects, records, and 
analyzes data

• Designs solutions
• Investigates concepts

• Asks questions
• Gathers materials
• Oversees safety and 

skills instruction
• Encourages Inventor’s 

Logbook entries

Refl ection

• Answers questions in 
Inventor’s Logbook

• Forms generalizations
• Compares team data
• Participates in 

discussions

• Questions students
• Leads class discussions
• Corrects 

misconceptions
• Facilitates class data 

sets

Engagement

• Applies concepts, 
principles, theories

• Designs and builds 
solutions

• Solves problems

• Supplies materials
• Keeps students on task
• Corrects lingering 

misconceptions
• Assures safe practice

Expansion

• Extends concepts to 
diff erent contexts

• Researches
• Journals in Inventor’s 

Logbook

• Provides appropriate 
resources

• Questions students 
to ensure connections 
are made to broader 
context

Preparing for 
the Challenge

A goal of the Project ProBase curriculum is 
to have students work toward the Primary
Challenge throughout each Learning Unit. 
Therefore, at the end of each learning cycle 

students are asked to refl ect on the Primary Challenge. 
In many cases the student is provided time to work 
on the solution to the Primary Challenge for a day or 
two between learning cycles.

Preparing
for the Challenge
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Inventor’s Logbook

Each Learning Unit developed by Project ProBase 
makes use of an Inventor’s Logbook. An icon like the 
one above is placed throughout the Learning Unit 
whenever students are expected to answer specifi c 
questions, record data, or write down their observa-
tions. The specifi c requirements for this logbook are 
le�  for you to determine. 

The Inventor’s Logbook entries will also be used 
to check and assess student progress toward the 
concepts that each learning cycle is focused on. 
The rubrics provided at the end of each learning 
cycle contain an Inventor’s Logbook element where 
the specifi c concepts are identifi ed. This will 
encourage your students to make regular entries in 
their student text and provide dynamic documen-
tation of their progress.

Student Assessment

Student assessment is an important component in 
the ProBase curriculum. The Instructor’s Guide 
provides several optional rubrics to use for formative 
and summative student evaluation. The Inventor’s 
Logbook is designed to be a formative assessment 
of student progress. The Instructor’s Guide contains 
a rubric for assessing each student’s Inventor’s 
Logbook. In addition, each Primary Challenge has a 
rubric for summative evaluation.

The Engagement phase of each learning 
cycle aff ords a unique opportunity to assess 
student progress. Therefore, a rubric unique 
to the Engagement phase is provided as o� en 
as possible.

Rubrics have been inserted in the Instruc-
tor’s Guide and Student’s Guide for 
assessing a student’s contribution to team-
work and daily engagement/preparation.

Materials and Equipment

The Project ProBase curriculum is designed 
to be taught in a general technology labora-
tory facility. Each learning cycle details the 
equipment and materials needed for that 
specifi c activity. Each Learning Unit also 
includes a compiled list of all the equip-
ment and materials needed for the unit in 
the front of the Instructor’s Guide. By design 
and as much as possible, the equipment and 
materials used for the activities are easy 
to fi nd, over-the-counter materials. Where 
appropriate and necessary, specifi c vendors 
have been identifi ed and their contact infor-
mation has been provided.
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Manufacturing Technologies Overview
Up to this point, we have been discussing the 
Project ProBase Learning Units in general terms. 
The following points will be specifi c to Manufac-
turing Technologies.

Enduring Understandings and 
Essential Questions

The Manufacturing Technologies Learning Unit 
focuses on three of the nine enduring under-
standings. As they complete Manufacturing Tech-
nologies students will understand:

2.  that technological development for the solu-
tion of a problem in one context can spinoff  
for use in a variety of o� en unrelated appli-
cations.

4. how technological systems work, the 
components of those systems, and how 
they fi t into the larger technological, 
economic, and social systems.

6. that the complexities of technological 
design involve trade-off s among competing 
constraints and requirements, including 
engineering, economic, political, social, and 
environmental considerations.

7. that technological design is a systematic 
process used to initiate and refi ne ideas, 
solve problems, and maintain products and 
systems.

9.   how to utilize a variety of simple and 
complex technologies.

The essential questions addressed in each 
learning cycle are correlated to the learning cycle 
objectives.

Learning Cycles Five and Six:
4b. What are the key elements of the 

various technological systems and 
what are the relationships between 
these systems?

Learning Cycle One:
6b.  What are the key factors that cause 

designers to make decisions about 
trade-off s, limitations, and constraints 
when designing new products and 
systems? (Micro Factors)

Learning Cycles Four and Six:
9a.  How are technologies used to control 

devices and systems?
Learning Cycle Four:

9b.  How do technologies communicate 
with one another and provide 
information to humans?

Learning Cycle Five:
9d.  How is technological instrumentation 

used to measure, calculate, manipulate, 
and predict the actions of technological 
devices and systems?

Learning Cycle One:     
2a. How do technologies migrate from one 

context (or location) to another and 
what are the implications?

Learning Cycle Three:
7b. To what extent can design problems be 

approached through a series of generic 
procedures (the design loop)?

Learning Cycles One, Two & 
Three:

7c. What design criteria is typically 
considered when developing new 
technologies (i.e., marketability, safety, 
useability, reliability, cost, materials, 
etc.) and how do these infl uence the 
fi nal product/system design? 

Learning Cycle Two:
7e. How can the a� ributes of design and 

the principles of design aid in the 
development of quality solutions?

xii
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As a constructivist, problem-based curriculum, the ProBase 
Learning Units off er a variety of opportunities for students 
to engage in design activities. The ProBase Learning Units 

have been developed for upper high school technology educa-
tion students.  It is assumed that students engaging in the ProBase 
curriculum possess some prerequisite knowledge and skills 
regarding engineering design. If students do not have previous 
experience in this area, it may be necessary to provide a brief intro-
duction to design-based problem solving. It is suggested that you 
use the following design model adapted for the ProBase curriculum 
from Standards for Technological Literacy (International Technology 
Education Association, 2000/2002).

If you see a need to introduce the design-based problem solving 
process, it is suggested that you do so in a constructivist manner 
using a simple design problem. For example, you might have your 
students use the model presented above as they design a cover 
for a book or CD. You should a� empt to use media beyond paper 
and pencil such as modeling clay, Styrofoam™and pencil such as modeling clay, Styrofoam™and pencil such as modeling clay, Styrofoam , Balsa wood, or ™, Balsa wood, or ™

cardboard. Other simple design ideas include designing paper 
airplanes, a package for their favorite snack, a marketing fl yer for 
a new product, an ergonomic handle for a shaving razor, or proto-
type cardboard seat or a model of other furniture pieces.

Tec
hn

olo
gic

al 
De

sig
n 

Lo
op

Clarifying
the Problem

Brainstorming  
Ideas

Selecting a 
Potential Solution

Modeling and
Prototyping

Testing

Evaluating and 
Refining

Implementing

Communicating
Results

technological
design loop

the
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Family Ties
Introduction
The purpose of this Preliminary 
Challenge is to introduce students 
to the Learning Unit through 
a hands-on, minds-on activity. 
Students should begin to see that 
technological artifacts are manu-
factured through the utilization of 
basic materials and processes.

Students will be exploring fabri-
cated products comprised of 
multiple components and mate-
rials. As they disassemble their 
products, they will be trying 
to identify the materials and 
processes that were originally 
used in the manufacture of these 
products.

Key Concepts

Each Learning Unit is designed 
to facilitate several enduring 
understandings. The key concepts 
have been synthesized from the 
enduring understandings and 
essential questions and will focus 
the learning cycles in this Learning 
Unit. Each learning cycle is keyed 
to one or more of the following 
enduring understandings:

Students will understand:

2. that technological development for the solution of a 

problem in one context can spinoff  for use in a variety of 

o� en unrelated applications.

6. that the complexities of technological design involve 

trade-off s among competing constraints and require-

ments, including engineering, economic, political, social, 

and environmental considerations.

7. that technological design is a systematic process used 

to initiate and refi ne ideas, solve problems, and maintain 

products and systems.  

9.   how to utilize a variety of simple and complex technologies.
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The Learning Unit goal 
provides a target for the 
Manufacturing Learning 
Unit. As students complete 
this unit, they will be able to:

Utilize appropriate design prin-
ciples while developing an auto-
mated manufacturing machine.

Facility Requirements
This activity can be conducted in any environment as long as 
students can gather throughout the room in small teams.

Equipment and Materials
Based on a class of 28 students:

Each team of students will need a fabricated product that has multiple 
components and materials. Suggested products include kitchen appli-
ances such as a toaster, mixer, or blender or power tools such as an 
electric drill, a power saw, etc.  You will also need the “Materials and 
Processes Evaluation Form” sheet, found in each Student Guide.

Day One Day Two

Introduction,
Disassemble 
products

Disassemble 
products

Day Three Day Four

Refl ection, Begin 
“Materials and 
Processes Eval-
uation Form”

Complete 
“Materials and 
Processes Eval-
uation Form,” 
and reassemble 
product

Day Five

Introduction to
Primary Chal-
lenge, Enduring 
Understandings 
activity

Suggested Daily Outline

Estimated Number of 50- 
minute class periods: 5
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plastics
(polymers)Types: Thermoplastics - can 

be repeatedly softened 

by heating and 
hardened by cooling 

(acrylic, nylon)
Thermosets - once 

heated and cooled the 

shape is permanent 

(resins)

Manufactured materials 

usually made from crude 

oil, coal, and/or gas 

Properties: able to be 

colored and molded; 

flexible or rigid; good 

electrical or thermal 

insulation; light and strong; 

resists corrosion

Materials

syntheticsorganics

primary
materials metals

wood, clay, crude oil, 

animal skins
Nonferrous -

metals or alloys 

whose primary 

component is not iron

Ferrous -metal or alloy 
whose primary 
component is iron

ceramics

A wide range of 

materials (glass, 

porcelain, etc.) 

made from silicon 

(including sand, clay, 

and quartz) and 

oxygen

Properties: rigid 
and strong; 
impervious to 
heat and resistant to 
chemical attack; 
lack malleability

composites

Two or more 

materials 

combined into 

one new 

material but 

each material 

keeps its own 

properties 

Types: Layered - thin layers of tightly 

bonded material (tires)

Fiber - fibers of one material 

embedded into a matrix of 

another (fiberglass: glass 

fibers and plastic resin)

Particle - particles held in a 

matrix of another (concrete)

Materials

Processes
Forming

Separation

Finishing

Casting/Molding

Fabrication (combining)

Conditioning

Th
e M

anu
fac

tur
ing

 F
am

ily

Metallic (ferrous and non-ferrous)

Composites

Plastics

Ceramics

Organics

Figure 1.  Manufacturing families
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es

Raw 
Materials

are 
converted by

Industrial 
Goods

Metals
Plastics

Ceramics
Composites

which are 
changed by

Casting & Molding
Separating
Forming

Fabricating
Conditioning

Finishing

Finished 
Goods

Manufacturing
Processes

materials

paints, enamels, 

varnish, silicone, vinyl

method

Process: using a 

shaping device (dies, 

rolls) to cause a mat-

erial to permanently 

take a new shape (the 

shaping device is to 

forming what the mold 

is to casting)
materials

wood &sheet metal  

materials

metals & 

ceramics

materials

wood, metal, & plastic

method

Process: temporarily or 

permanently holding 

two or more parts 

together (using nails, 

bolts, soldering, glue)

fabricating
conditioning

finishing

forming

Processes

separating casting &

molding

materials

metals, plastics, 

ceramics

method

Process: material 

is poured (caste) or 

forced (molded) into 

a mold

method

Process: using 

heat, mechanical 

force, or chemi-

cals to change the 

properties of a 

material

materials

wood & plastics

method

Process: cutting 

or shearing 

material to size 

and shape by 

removing excess 

material

method

Process: protecting 

or beautifying the 

surface of a material
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The major goal of this 
Preliminary Challenge is to 
have students analyze and 

diff erentiate between mate-
rials and processes utilized 
to manufacture a variety of 
products. Provide a copy of 
the materials and processes 
worksheet to each student at 
the beginning of this activity 
and make sure that the direc-
tions are clear. It may be a 
good idea to have a product 
(that one of the teams will 
not be using) partially 
disassembled to use as an 
example. A� er introducing 
the unit to your students, 
provide them with time to 
disassemble their products 
and complete the materials 
and processes form. 

Please remind students not 
to plug their product into any 
power outlet. Also, let them 
know that if their product 
was in working condition 
before disassembly that it 
should be in working condi-
tion a� er the activity. 

Teaching
i
p
s

When a component cannot be explored further you 
will need to help students make a decision about going 
further. Some plastic cases can be opened by cu� ing 

along the seam and can then be glued back together. 
Students should not break any sealed cases. You should 
encourage your students to explore the components as thor-
oughly as possible. Students may need to conduct research 
on the Internet or other resources to help them determine 
some of the processes used to manufacture their products. 

Teaching
i
p
s



Pr
eli
m
in
ar
y

Ch
all

en
ge

9Family Ties

Pr
eli
m
in
ar
y

Ch
all

en
ge

 Please caution students not to break sealed cases with 
force as this may result in injury or irreparable harm 
to the device. A� er teams have completed this task, 

discuss their fi ndings as a class to determine which mate-
rials and processes are more commonly used to manufac-
ture the selected products.

Teaching
i
p
s
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Notes:

Students are asked to complete the Materials and Process 
Evaluation form found on the following page.  It is also a part 
of their Student Guide.  Students should complete the form 
by inserting and identifying name of the subcomponent in 
the correct column, placing a check mark in the appropriate 
“Material Family” column and then briefl y describing how the 
part was processed during manufacturing in the appropriate 
“Process Family” column or columns.
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Refl ection

Students should be prepared to 
discuss those exceptions with the 
rest of the class. As a team, students 
must give an informal presenta-
tion of their fi ndings to the rest of 
the class. Their presentation should 
focus on the following:

•  Brief description of each compo-
nent

•  Materials classifi cation(s)
•  Processes classifi cation(s)

A� er all of the teams have completed 
their presentations, they should reas-
semble their product and return all 
of their materials and tools to their 
appropriate location.

In the Inventor’s Logbook space, 
students need to take some time 
to think about the many products 
that the other teams used as well 
as the products they see/use on a 
daily basis that may not have been 
selected for this activity. 

1. In what ways have the use of 
materials in manufacturing 
changed over time? What mate-
rial do we use much the same 
as we have for hundreds of 
years?  (Refer back to Figure 1.)

Answers will vary.

2.  Give an example of a product that, because of the use of a 
diff erent material in its construction, changed the way it 
was manufactured. 

Answers will vary.

3. Name one product that led to the creation of another (2nd) 
product. How did the creation of the fi rst product lead to 
the creation of the other? How was the manufacturing 
process changed to accommodate the development of the 
second product?

Answers will vary.



Pr
eli
m
in
ar
y

Ch
all

en
ge

13

Pr
im

ar
y

Ch
all

en
ge

One Clean Machine

One “Clean” Machine
Introduction
The Primary Challenge should be introduced immediately a� er 
students complete the Preliminary Challenge so that they can begin 
to relate concepts taken from the learning cycles back to the 
Primary Challenge during the remainder of the nine-week period.

Facility Requirements
The Primary Challenge can be 
completed in a regular classroom 
se� ing. However, you may want 
to lay plastic down on the fl oors 
to prevent damage caused by soap 
leaking from students’ solutions.

Equipment and Materials 
Based on a class of 28 students 
divided into four-person teams:

The following is a basic list for 
each group. Materials and 
equipment will vary according 
to the sensors or requirements or 
functions students select for their 
soap dispensing device. When 
ordering sensors, switches, actua-
tors, etc., be sure to order compat-
ible components.

cont’d on following page

Estimated Number of 50 
minute class periods: 12
(throughout the unit & at the 
end of the learning cycles)
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(7) BASIC Stamp® HomeWork 
Boards™Boards™Boards

Electronic components (resistors, 
capacitors, etc.) for HomeWork 
Board

(7) Servo motors

Variety of sensor and switches 
(push-bu� on, fl oat switch, etc.)

(7) Relays

Gallon liquid hand soap 
(unscented), possible source: 
www.chemistrystore.com

(3) Soap colors, possible source:  
www.chemistrystore.com

(3) Soap scents, possible source: 
www.chemistrystore.com

(12) Empty fi lm canisters or suit-
able containers for liquid soap

Rubber/plastic tubing

Miscellaneous materials (wood, 
nails, etc.)

Suggested resource site for materials:

Valves, connectors, tubing: 
www.usplastics.com

As you gain experience with this 
unit, you may want to add addi-
tional sensors, motors, controls, etc. 
Please encourage students to design 
and construct their own solution to 
this challenge.

You may want to bring in various examples of 
liquid soaps. (For example, dish soap, diff erent 
colored soaps and fragrances, gli� er soap, and 

antibacterial soap.)

Teaching
i
p
s
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One Clean Machine

Constraints and Requirements
Be sure to remind students of the design constraints for the 
challenge. The designed solution must:

• Produce a bo� le of liquid soap safely with controls that are 
explanatory and intuitive for the intended consumer(s).

• Use at least two sensors (e.g., light, sound, heat, etc.) in the 
system.

• Provide for some type of user control or interface that allows 
the customer to choose from three 3 diff erent soap colors 
and/or scent combinations as well as labeling customization.

• Use raw materials for soap that 
are safe to handle, aff ordable, 
and require the least amount 
of processing time and energy.

• Be designed and constructed 
to be mobile, self-contained, 
a� ractive, and intuitive for the 
customer.

• Be designed in such a way as 
to limit the amount of mate-
rials (liquids) spilled inside the 
machine.

• Ensure safety to the operating 
customer.

•  Be accompanied with docu-
mentation, computer-aided 
drawings, fl ow charts, and 
Inventor’s Logbook entries 
that provide evidence of an 
original design.

When students are 
initially testing their soap 
dispensing designs, you 

may want to have them 
substitute water for soap. 
This will help reduce messy 
soap spills. You may also 
want to discuss the viscosity 
of liquids and how their 
designs may function diff er-
ently with the soap versus 
the water.

Teaching
i
p
s
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Design Challenge
A� er constructing their soap 
dispensing machine, each team 
must:

a. Identify at least ten diff erent 
people who are not a part of 
the design team to operate the 
machine without aid from any 
member of the design team. 
This will allow the designers 
an opportunity to determine 
whether the machine is truly 
intuitive and functional in a 
machine-to-human interaction 
format.

b. Provide clear documentation 
of the solution to prove that 
their team is responsible for 
designing and constructing 
the device.

c. Give a fi ve- to ten-minute presentation to the class that:

• Introduces their team’s solution to this challenge.
• Outlines the external and internal constraints that infl u-

enced their team’s design.
• Explains how and where they incorporated automation 

into the process.
• Identifi es the power systems, sensors, and controls that are 

used in their team’s solution and explains how they work.
• Includes a comprehensive list of materials and resources 

their team used.

You may decide to assign 
each team member a role 
You may decide to assign 
each team member a role 
You may decide to assign 

throughout the dura-
tion of the 
throughout the dura-
tion of the 
throughout the dura-

Primary Chal-
lenge. Each member will 

Primary Chal-
. Each member will 

Primary Chal-

be responsible for executing 
lenge

be responsible for executing 
lenge

the specifi c constraints 
be responsible for executing 
the specifi c constraints 
be responsible for executing 

and requirements of the 
the specifi c constraints 
and requirements of the 
the specifi c constraints 

Primary Challenge
and requirements of the 
Primary Challenge
and requirements of the 

 and duties 
and requirements of the 

 and duties 
and requirements of the 

described by their role. 
Primary Challenge
described by their role. 
Primary Challenge

For example, you may assign 
roles that include a designer, 
For example, you may assign 
roles that include a designer, 
For example, you may assign 

marketing manager, fi nance 
roles that include a designer, 
marketing manager, fi nance 
roles that include a designer, 

manager, and ergonomics/
marketing manager, fi nance 
manager, and ergonomics/
marketing manager, fi nance 

safety/environment engineer. 
manager, and ergonomics/
safety/environment engineer. 
manager, and ergonomics/

A document is included in 
safety/environment engineer. 
A document is included in 
safety/environment engineer. 

the appendix on page AI that 
can be replicated for each 
the appendix on page AI that 
can be replicated for each 
the appendix on page AI that 

team. The document has the 
can be replicated for each 
team. The document has the 
can be replicated for each 

team roles broken down and 
space to list the responsibili-
ties of each role.
space to list the responsibili-
ties of each role.
space to list the responsibili-

Teaching
i
p
s
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One Clean Machine

Questions about the Primary Challenge should be addressed. 
However, no work on the actual Primary Challenge should take 
place at this time. There will be approximately two weeks to 
complete the Primary Challenge. Students will refl ect on the 
upcoming Primary Challenge throughout the learning cycles to 
relate what they have learned with what will be needed to solve 
the problem presented.

Preparing for the 
Primary Challenge
Preparing for the 
Primary Challenge
Preparing for the 

A� er going through the Prelimi-
nary Challenge and explaining the 
Primary Challenge, you will need to Primary Challenge, you will need to Primary Challenge
divide your class into teams. These 
teams will be working together to 
solve the Primary Challenge.

Student Assessment
A rubric has been placed on the 
following page.  Based upon your 
situation, please feel free to modify 
the scoring guidelines. The rubric 
should be discussed and shared 
with your students, focusing on 
the necessary requirements for the 
Primary Challenge.

As a constructivist-based Learning Unit, it is important 
to focus on conceptual development. Therefore, it will 
be important for your class to stop and check for under-

standing from time to time throughout this unit. The 
students’ Inventor’s Logbook will serve as one means to check 
student progress on a regular basis. Here are a few other 
strategies that may help you keep your students focused on 
their conceptual development.

•  Create a large poster with the key concepts and/or 
enduring understandings and place it in a prominent 
spot in your classroom (An example layout can be found 
in the Appendix).

• Break students into their Primary Challenge teams and 
identify what they know and what they need to know 
to solve the Primary Challenge. Compile their thoughts 
through a discussion and create a large class display of 
what they know and what they need to know. Require 
the students to “check off ” the questions that have been 
answered during the course of the Learning Unit.

• Have your students create concept maps of the unit in 
their Inventor’s Logbook.

Teaching
i
p
s

You may want to take 
your class on a tour 
of a vending machine 

company or ask a technician 
to open a vending machine 
and discuss how the machine 
dispenses soda or another 
product.

Teaching
i
p
s
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Primary Challenge Rubric

Element Criteria Points

Point Values 40 30 20 10

Primary Challenge 
Product

Completed product 
is fully functional 
and addresses all 

criteria, parameters, 
and equipment 

specifi cations set 
forth in the Primary 

Challenge.

Completed product 
is functional 

and meets most 
criteria, parameters, 

and equipment 
specifi cations set 

forth in the Primary 
Challenge.

Completed product 
represents a serious 
a� empt to solve the 
primary challenge 

but does not address 
many of the stated 

criteria, parameters, 
or specifi cations.

Product is not 
complete or does not 

function well and 
does not meet stated 
criteria, parameters, 

or specifi cations.

Sub-total

Point Values 15 10 5 2

Drawings, Diagrams & 
Sketches

Drawings, diagrams, 
or sketches clearly 

illustrate an 
understanding of 
all requirements, 

criteria, or 
specifi cations, uses 
proper format, and 

was completed 
electronically.

Drawings, diagrams, 
or sketches 

illustrate needed 
information, but 

do not address all 
stated requirements, 

criteria, or 
specifi cations. 

Completed using an 
electronic format.

Drawings, diagrams, 
or sketches 

illustrate needed 
information, but 

do not address all 
stated requirements, 

criteria, or  
specifi cations. 

Did not utilize an 
electronic   format 

(hand drawn).

Drawings, diagrams, 
or sketches do 

not illustrate all 
needed information. 

Illustrations are 
incomplete or poorly 

presented.

Research & 
Development

Clear evidence of 
a comprehensive 

research and 
development eff ort 

was provided 
and ten people 

successfully tested 
the solution.

Research and 
development was 
conducted while 

solving the Primary 
Challenge, but 

documentation was 
marginal.

Some research 
and development 
techniques were 

used while 
a� empting to 

solve the Primary 
Challenge, but 

were not clearly 
documented.

Minimal research 
and development 
techniques were 

used while 
a� empting to 

solve the Primary 
Challenge. 

Documentation was 
marginal.

Documentation

As directed, the 
team responded 
to questions and/

or maintained 
comprehensive 

records, logs, and 
other notations 

of activities while 
completing the 

Primary Challenge.

Team responded to 
questions and/or 

maintained topical 
records, logs, and 

other notations 
of activities while 

completing the 
Primary Challenge.

Team responded 
to most questions 
and/or maintained 
some records, logs, 
and other notations 
of activities while 

completing the 
Primary Challenge.

Team marginally 
responded to 
questions and 

did not maintain 
records, logs, and 

other notations 
of activities while 

completing the 
Primary Challenge.

Presentation

Presentation 
demonstrates a 
full grasp of the 
major concepts, 

addresses all 
stated presentation 
requirements, and 
conforms to time 
limit constraints.

Presentation 
demonstrates 

signifi cant 
understanding of 
major concepts, 
addresses most 

presentation 
requirements, and 
conforms to time 

limitations.

Presentation 
topically addresses 

some of the concepts 
delivered in this 

unit, but does 
not conform to 

stated presentation 
guidelines and/or 

time limits.

Presentation does 
not demonstrate a 
grasp of the major 
concepts delivered 
in this unit and/or 
does not address 

stated presentation 
guidelines or time 

limits.

Total Points
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Manufacturing Technologies
Learning Cycle One Concept Map
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Under Pressure
Introduction
The goal for the Exploration phase 
is to expose students to how 
customer, societal, and environ-
mental concerns aff ect the design 
of products. Students will examine 
a Lunchable® Box and identify 
the customer needs/wants the 
product was intended to fulfi ll. 
In addition, students are asked to 
identify the product from which 
the Lunchable® is a spinoff . In 
the second task, students will 
examine and evaluate products for 
societal and environmental infl u-
ences. Applying what they have 
just learned, students will then 
explore their choice of liquid soap 
container and soap preferences to 
be included in their solution to the 
Primary Challenge.

In the Engagement section, 
students will identify personal 
factors that infl uence their deci-
sions when they make soap 
purchases and the factors that 
they need to consider when 
designing a solution to the 
Primary Challenge.
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Objectives and Essential Questions
A� er completing this learning cycle, students will be able to:

1. Identify and explain how external factors aff ect the design 
of a product before it is manufactured.

Essential Question 7c: What design criteria is typically consid-
ered when developing new technologies and how do these 
infl uence the fi nal product or system’s design?

2. Identify and explain what a spinoff  is.
Essential Question 2a: How do technologies migrate from one 

context (or location) to another and what are the implications?

3. Identify and explain the func-
tion of a trade-off .

Essential Question 6b: What are 
the key factors that cause 
designers to make decisions 
about trade-off s, limita-
tions, and constraints when 
designing new products and 
systems?

Facility Requirements
This learning cycle can be 
completed in a regular classroom. 
Specifi c equipment is not needed.

Equipment and Materials
Based on a class of 28 students:

(7) Oscar Mayer Lunchables® (or 
other brands)

(21) Bars of soap. You will need 
to purchase three distinctly 
diff erent types of soap for 
each team. The soap should 
represent name brands as well 
as generic brands. Be sure to 
purchase enough bars so that 
each team of 4-5 students can 
observe diff erent textures, 
colors, and scents.

(7) Product box – box should be 
fi lled with various types of 
household products 

(7) Pads of fl ip chart paper

(7) Markers 
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Day One Day Two

Exploration 
Exploring 
Spinoff s and 
Customer Data

Exploration 
cont., Societal 
and Environ-
mental 
Factors
Refl ection  

Day Three Day Four

Engagement 
Customer 
Survey

Engagement
Survey analysis

Day Five

Preparing for the 
Challenge

Suggested Daily Outline

Estimated number of 50- 
minute class periods: 5

Exploration
Exploring Spinoff s

Students will be examining an Oscar Mayer Lunch-
able® box or similar product. You will need to make 
sure that you have enough Lunchables® so that each 

group has its own box. 

Teaching
i
p
s
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Students are required to 
answer the following ques-
tions:

• From what product did 
this spinoff  product origi-
nate (think about the 
container)?

• What need does this new 
product fi ll?

• Who was the original 
target customer for the 
product?

• Who will purchase this 
product and what is this 
person’s primary moti-
vation for making the 
purchase? Is the quality 
of the contents a major 
consideration?

• What product was 
replaced when the Lunch-
able® was introduced? 
Was the Lunchable® an 
improvement?

• Does this product make 
life be� er for users? 
Explain.

Teaching
i
p
s
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A� er the students have had a 
chance to answer the above ques-
tions, initiate a class discussion to 
discuss answers. Lunchables®  are 
a spinoff  idea from the U.S. Army’s 
Meals Ready To Eat (MRE’s) 
program and early TV dinners. 
Students should have a clear 
understanding of what a spinoff  is 
by the end of this task. 

It would be a good idea to have 
other examples of spinoff s on 
hand. Possible examples include: 

● Infrared thermometers (devel-
oped to detect energy from stars 
and planets)

● Smoke detectors (developed 
for Skylab)

● Cordless power tools (devel-
oped for the Apollo program so 
that astronauts could drill core 
samples from the moon)

● Kevlar (originally developed 
to replace the steel found in 
radial tires)

Students are asked to design a Lunchable® box that can 
be used by adults in a business environment. You will 
not have suffi  cient time to allow them to build the “adult 

Lunchable®“ in class. You can either assign this as home-
work or have them illustrate their ideas on a piece of fl ow 
chart paper and share their ideas with the class.

Teaching
i
p
s
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Notes:



26 Project ProBase • Manufacturing Technologies

1 1

Customer Data

You will need to purchase 
three distinctly diff erent 
types of soap. The soap 

should represent name 
brands as well as generic 
brands. Be sure to purchase 
enough bars so that each team 
of 4-5 students can observe 
diff erent textures, colors, and 
scents. 

Teaching
i
p
s Each group should get three diff erent bars of soap to 

examine. The sub-tasks under this task section may 
not take that long, but make sure the students enter the 

required data in the Inventor’s Logbook spaces provided in 
the Student Guide.

Teaching
i
p
s
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Smell Color Texture

Student A

Student B

Student C

Student D

Student E

Student F

Table 1. Preferences for soap fragrance

You may want to require 
students to create electronic 
spreadsheets to record the 

data they are asked to collect.

Teaching
i
p
s
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Table 4. Class frequency table

Soap 1 Soap 2 Soap 3

Scent

Color

Texture

Class size (n) = 
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Total # of students interviewed:__ # % # % # %

What percentage of students 
preferred each scent of soap?

Scent: Scent: Scent:

What percentage of students pre-
ferred each color of soap?

Color: Color: Color:

What percentage of students pre-
ferred each texture of soap?

Texture: Texture: Texture:

Societal and 
Environmental Factors

For this task, you need 
to collect empty product 
containers or other prod-

ucts that were infl uenced by 
society. Try to include a variety 
of soap, lotion, and shampoo 
containers. You may want to 
encourage the students to bring 
in products that they use from 
home. Some examples include: 

• Disposable diapers

• Cell phones

• Gaming system such as PS 
or PS2

• Fast food containers, plastic 
silverware

• DVDs or any portable device

Have the students meet in their 
Primary Challenge groups and 
divide the containers among 
them. Soap containers should be 
given to each group.

Teaching
i
p
s

Students should be looking at the trade-off  decisions that infl u-
enced the product and design of the package.
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At this point students should understand what a trade-
off  is; however, you may want to provide examples to 
reinforce the concept.

Teaching
i
p
s

One example of a trade-off  
might include something 
as simple as risking having 

the contents of a locker stolen 
by prese� ing the lock combi-
nations to save a few seconds 
during a passing period. 
A more complex example 
includes choosing what type 
of lawn mower to purchase. 
One could decide to buy a 
power mower or a non-motor-
ized reel-type mower. The 
gas powered mower can cut 
faster through longer grass, 
but creates noise and air pollu-
tion. Purchasing an automo-
bile provides another example 
where trade-off s are consid-
ered, such as gas mileage vs. 
speed or comfort vs. style.

Teaching
i
p
s
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32 Project ProBase • Manufacturing Technologies

1 1

Notes:



1

33Under Pressure

1

Refl ection
Students should now have a good understanding of the three 
external factors that infl uence product design. At this point 
students should return to the Primary Challenge and answer the 
following questions in the spaces provided:

1. What are the economic factors that must be considered 
when selecting a container? How will they aff ect your 
choice?

2. How could you measure society’s impact on your choice 
before it is marketed? What type of container would be   

   most appealing? How have other soap manufacturers 
responded to societal demands in the past?

3. How will environmental 
concerns impact your choice of 
container? What are the pros  

     and cons of using a recy-
clable and/or biodegradable 
container?

4. How will the construction of 
the vending machine infl uence 
your packaging choice?

5. Besides the choice of container, 
what are some other important 
external factors aff ecting your 
solution to the Primary Chal-
lenge?

•   Make sure students record 
their answers in their Inven-
tor’s Logbook.

• Generate a class discussion 
allowing the students an 
opportunity to share their 
responses. 

Students need to compile their 
answers into a diagram detailing 
all of the factors aff ecting their 
Primary Challenge solution. They 
should, in some way, indicate those 
factors they feel are most impor-
tant to consider.



34 Project ProBase • Manufacturing Technologies

1 1

Notes:



1

35Under Pressure

1

Engagement
• The collection of data is integral to the design of products in 

industry. Companies use surveys to collect and categorize 
data. This allows them to obtain feedback from consumers 
about their wants and needs. They can then use this data 
to develop and market their products, making them more 
appealing to their customers. 

•  It’s important that each team share its responses, so ask 
teams to post their fl ip chart paper and share their ideas 
with the entire class.

• As a class, conduct a discussion about the common items 
that are listed on all of the posted papers and identify the 
top fi ve most common items. 

This activity should be 
conducted with the entire 
class. Students should be in 

their Primary Challenge teams. 
Each group should generate 
a list of 5-7 things that are 
important to teenagers when 
buying soap and write their 
responses on a piece of fl ip 
chart paper. If your students 
are having trouble ge� ing 
started, ask them questions to 
lead to things that go beyond 
what has be discussed in the 
Exploration phase such as the 
cost of the product, avail-
ability, quality, style, etc.

Teaching
i
p
s

Using this list of fi ve items, each 
team should create questions and 
a short questionnaire that could be 
used to assess the desires of poten-
tial customers. Students should be 
encouraged to refrain from open-
ended responses. 

For example, if fragrance is listed as 
a factor, a question asking, “what is 
your favorite fragrance?” is appro-
priate. Students should force respon-
dents to choose from a few scents. A 
sample questionnaire item may say 
something like, “circle your favorite 
scent from the list below.” This will 
make it much easier to analyze the 
data. (A sample product question-
naire is included in the Appendix, 
page AF, for students’ reference.) 
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Each team member is expected to 
administer the survey instrument 
to at least 10 students outside the 
immediate class. This should be 
assigned as homework. Remind 
students to survey an equal number 
of males and females.

• The information from the 
questionnaire should be 
compiled to identify the most 
preferred factors such as scent, 
texture.and color. Students 
are asked to enter the data 
into an electronic spreadsheet 
application such as Micro-
so�  Excel®. Some students 
may need additional help 
with the use of a spreadsheet. 
The minimum expectations 
for each group should be to 
identify the sample size, the 
number of persons surveyed, 
the statistical mode for each 
response for each question and 
identify how their responses 
are distributed by gender. An 
example is given in the text 
and a statistical breakdown 
for one question is given in the 
sample questionnaire in the 
Appendix.

• While the data from the ques-
tionnaires are being compiled, 
students should be thinking 
about the external factors that 
may aff ect the design phase of 
the project. 

Students will need to collect all of the data that they 
have compiled for their solution to the Primary Chal-
lenge: the design of the soap container (Refl ection: the design of the soap container (Refl ection: the design of the soap container ( ), 

the external factors diagram (Refl ectionthe external factors diagram (Refl ectionthe external factors diagram ( ), and the ques-
tionnaire analysis. Remind students that they will need 
this information during the presentation of their team’s 
Primary Challenge solution.

Teaching
i
p
s
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Notes:
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expect to be a spinoff  that in fact are. Students should not 
exclude items they are unsure about. A� er students have 
compiled a list and have identifi ed which are spinoff s, 
allow each group to do an Internet search on “spinoff s” 
and “inventions” to verify whether they are correct.

3. Students are asked to think of products that are put in the 
trash either at home or at school. From the products they 
identify, they should be able to list possible trade-off s that 
infl uenced the design of the product. For example, if the 
package looks very fl ashy, it may not be environmentally 
friendly. Encourage students to look closely at how the 
product or package was designed. 

Expansion
Although not required, these 
Expansion activities are designed 
to cause teams to delve deeper 
into the concepts explored in this 
learning cycle.

Students should select only one of 
the following Expansion options.

1. Students are asked to identify 
examples of product designs 
that are politically infl uenced. 
For example, looking at the 
side of a can of soda will 
reveal a list of nutrition facts. 
Almost everyone knows that 
so�  drinks are not healthy, 
so why would the manufac-
turer place this information 
on the can, advertising the 
fact that their product is not 
really very healthy? Ask the 
students: “Was the decision 
to place this information on 
the product politically moti-
vated?” Students should be 
encouraged to generate ideas 
or research products that are 
infl uenced by state or federal 
policies.

2. Students should be able to 
generate a list of items from 
their room. Encourage the 
students to closely examine 
what they see in their room. 
There are probably many 
things that they would not 
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Preparing for the Challenge
Have the students look at the information that was collected 
from the survey questionnaires to inform their decision about 
the characteristics that their liquid soap will have during the 
solution of the Primary Challenge.

Students should generate a materials list and research possible 
vendors on the Internet. This list should be used to order 
supplies for the Primary Challenge.

Student Assessment
An assessment rubric has been 
developed for the Exploration and 
Engagement activities. Feel free to 
change this rubric to be� er suit 
your particular needs.
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Element
Criteria

Points
4 3 2 1

Spinoffs

Questions were 
answered in Inventor’s 

Logbook spaces. Created 
a complete fl ow chart 

illustrating the group’s 
idea concerning the 

Business Lunchable®.

Incomplete answers 
in Inventor’s Logbook 

spaces. Created a 
complete fl ow chart 

illustrating the group’s 
idea concerning the 

Business Lunchable®.

Incomplete answers 
in Inventor’s Logbook 

spaces. Created an 
incomplete fl ow chart 
illustrating the group’s 

idea concerning the 
Business Lunchable®.

Did not answer questions 
in Inventor’s Logbook 

spaces. Created an 
incomplete fl ow chart 
illustrating the group’s 

idea concerning the 
Business Lunchable®.

Customer Data

Complete charts and 
personal list of things 
important to consider 
when purchasing soap 
recorded in Inventor’s 

Logbook spaces.

Each chart was 
somewhat complete. A 
personal list of things 
important to consider 
when purchasing soap 
recorded in Inventor’s 

Logbook spaces.

Each chart was 
incomplete. A personal 
list of things important 

to consider when 
purchasing soap 

recorded in Inventor’s 
Logbook spaces.

Each chart was complete. 
A personal list of things 
important to consider 

when purchasing 
soap is not recorded 

in Inventor’s Logbook 
spaces.

Societal and 
Environmental 

Factors

Developed a chart 
outlining how each 

product was packaged 
and the impact society 

had on the product 
design. Fully answered 

the fi ve questions. 
Created a detailed 

diagram of the external 
factors aff ecting their 

solution to the Primary 
Challenge.

Developed a chart 
outlining how 

each product was 
packaged and 

somewhat developed 
an explanation of the 
impact society had on 
the design. Somewhat 

answered the fi ve 
questions. Did not create 
a very detailed diagram. 

Did not develop a chart 
that identifi ed how the 
product was packaged 

but did develop an 
explanation of the impact 

society had on the 
design. Answered most 
of the fi ve questions but 
did not create a diagram. 

Developed a chart that 
identifi ed how the 

product was packaged 
but did not develop an 

explanation of the impact 
of society. Answered 
only a few of the fi ve 
questions and did not 

create a diagram.

Engagement

Generated good 
questions for the survey.

Completed a survey 
questionnaire and did 
the statistical analysis 
correctly. Collected the 

data for the Primary 
Challenge. Group chose 
the preferences to be 

included in their device.
Created table and turned 

it in to the instructor.

Generated good 
questions for the survey. 

Completed a survey 
questionnaire and did 
some of the statistical 

analysis correctly.
Collected most of 

the data. Group was 
undecided about 
preferences to be 

included in their device. 
Began a table but did 

not turn it in to the 
instructor.

Generated good 
questions for the survey. 

Completed a survey 
questionnaire but did not 
do the statistical analysis 

correctly or at all. Did 
not collect the data. 

Group was undecided 
about preferences to be 
included in their device.

Did not create a table.

Generated good 
questions for the survey. 

Did not complete a 
survey questionnaire. 

Did not collect the data. 
Group was undecided 
about preferences to be 
included in their device. 

Did not create a table.

Totals
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Manufacturing Technologies
Learning Cycle Two Concept Map
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As Good 
As It Gets
Introduction
In this learning cycle, students 
explore factors that aff ect the 
quality control in manufacturing 
processes. In order for students to 
understand how quality control is 
maintained in a production line, 
they will design a quality control 
system that will help them assess 
the quality of a collection of paper 
clips. This quality control system 
will also help them to decide 
whether or not each paper clip is 
a “go” or “no go” with respect to a 
set of standards. 

The concept of production costs 
will be explored as students 
create a trail mix product and 
calculate the cost of producing 
various amounts of their product. 
During the Engagement phase, 
students will begin to think about 
the Primary Challenge by brain-
storming the materials, processes, 
and the means to control the 
quality of their liquid soap 
dispensing device.
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Objectives and Essential Questions
A� er completing this learning cycle, students will be able to:

1. Identify how people, materials, tools, and training aff ect 
product quality.

Essential Question 7c: What design criteria is typically consid-
ered when developing new technologies (e.g., marketability, 
safety, usability, reliability, cost, materials) and how do these 
factors infl uence the fi nal product/system design?

2. Explain how quality control is aff ected by input and output 
factors when applied to a manufacturing process.

Essential Question 7e: How can the a� ributes of design and 
the principles of design aid in the development of quality 

Facility Requirements
Classroom area with large open 
bench tops for stations to be set 
up and clean areas where food 
handling can take place are neces-
sary for this learning cycle.

Equipment and Materials
Small measuring cup set (1 C, 

1⁄2 C, 1⁄4 C)

5-10 big plastic bowls

A bag of paper clips 

Soap

(28) Disposable plastic gloves

1 bag per team of:
• Raisins
• Peanuts
• M&M’s
• Sunfl ower seeds
• Ziploc bags
• Paper bowls

(7) Timers
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Day One Day Two

Exploration 
Production 
Quality Control

Exploration 
Product Costs

Day Three Day Four

Refl ection Engagement 

Day Five

Engagement
Preparing for the 
Challenge

Suggested Daily Outline

Estimated number of 50- 
minute class periods: 5

During this learning cycle, students will complete two 
diff erent but related tasks. The most effi  cient way to 
approach this may be to set up a station for each activity 

and have your students rotate as they complete each task. 
Depending on the number of teams, you may decide to 
duplicate one or more of the stations in order to accommo-
date a larger number of students.

Teaching
i
p
s

Exploration
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Production Quality 
Control

Provide a variety of materials for 
the students to use such as wood, 
cardboard, and paper. Encourage 
your students to be creative.

You will need to purchase several 
bags of paper clips. Choose one of 
the paper clips as the “master” or 
desired size that the students will 
be using as a standard. You will 
need to go through the paper clips 
(prior to supplying the students 
with several) to know how many 
do not meet the standard specifi -
cations. If there is not much vari-
ability among the paper clips you 
can simply alter a number of the 
paper clips to make certain that 
they will measure outside the 
+/- 1 mm specifi cations outlined 
in the activity. (Keep track of how 
many you altered.)

The students will need to check the 
number that they said were a “go” 
against the number that you previ-
ously counted. This station will also 
need basic construction tools such 
as a hammer, small fi nishing nails, 
hot glue gun, ruler, and scissors.

In this task, student teams create a jig to check the length 
of paper clips. Although you should not tell the students 
exactly how to solve this problem, you should provide 

them with samples of diff erent types of jigs or Internet access 
to conduct research to find their own examples. The vacuum 
formed packaging used to display products in a retail shop 
can serve as a good illustration of a go/no-go gauge. 

Teaching
i
p
s
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Students are given several Inven-
tor’s Logbook entries related to 
Production Control and their go/
no-go gauge.
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Notes:
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Product Costs

Students are learning how 
money drives the quality 
of a product in this task 

by making trail mix. Since 
the students will be handling 
food, it is important that 
each student wear disposable 
plastic gloves. The area for 
this task should be clean and 
the counter top covered with 
plastic. It is also important that 
you are aware of student food 
allergies; some students may 
be allergic to peanuts. You can 
substitute another food like 
marshmallows for the peanuts.

Teaching
i
p
s

Cost
Ounces in 

bag
Ounces in trail 

mix
Cost/ounce Cost per product

Raisins 2.99 24 2.4 0.12 0.30

Peanuts 2.65 24 2.4 0.11 0.27
M & M’s 3.99 16 1.6 0.25 0.40
Sunfl ower seeds 2.99 16 1.6 0.18 0.30
Totals 12.62 8.0 0.66 1.27

Figure 2. Cost of materials table

To the right of each of the food 
items is an example of what the 
students should do. The data 
in the table are supplied as a 
sample and do not represent 
actual answers. Data will diff er 
depending on the size of bag 
that you purchase.
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A� er students have 
devised a way to mix the trail 
mix they should produce 10 bags 
of mix and record the amount of 
time required to complete the task. 
Students are then asked to use the 
data for 10 bags and calculate how 
long it would take to produce 50 
and 100 bags of trail mix. When 
students are asked to complete 
Figure 3, their answers will vary 
depending on how effi  ciently they 
put all the ingredients together in 
the trail mix. 

Next, students are asked to consider 
the costs associated with producing 
the diff erent amounts of trail mix 
when labor costs and production 
times are factored into the fi nal 
cost.

If each person is paid $6.50 an hour, how 
much would the labor cost for making 
50 bags of trail mix the way the team 
designed their production line?

Figure 3. Approximate times 
needed  to produce trail mix

Approximate Time

10 bags 9

50 bags 45

100 bags 90

If there are 4 people on the team, and the team took one hour to 
produce 50 bags of trail mix, the labor cost would equal $26.00 
(4 x $6.50= $26.50). 

However, using the times presented in the example in Figure 3, it 
took 45 minutes to produce 50 bags of trail mix. 

Therefore, the labor would cost $19.50 (4 x $6.50 x .75=$19.50). 

One hundred bags would cost $39.00 (4 x 6.50 x 1.5 = $39.00).
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Employee Labor Expense Table 30 min 1hr 8hr

Employee #1  $________

Employee #2  $________

Employee #3  $________

Employee #4  $________

Total Labor Cost/Time Period

The Student Guide has 
the labor cost fi xed at 
$6.00/hr. You may want to 

adjust the labor cost for each 
employee to make the task 
more realistic to the industry 
and add a level of diffi  culty 
for your students.

Teaching
i
p
s
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Refl ection
Students in this section are asked 
to refl ect on their learning experi-
ences in the Exploration phase and 
answer the following questions 
in the Inventor’s Logbook spaces 
provided in their text.  

1. How does the materials selec-
tion, production time, and 
cost of labor aff ect the quality 
and cost of the fi nished 
product?

2. How will you maintain 
quality control in your 
dispensing machine?

3. How will you ensure some degree of uniformity so that 
every customer gets the same end product?

4. Which consumer inputs will you apply to your dispensing 
machine’s design? 



2

53As Good As It Gets

2

Engagement
Students are expected to brain-
storm possible materials that they 
will use for the proposed process. 
Let the students see materials 
that will be available to them 
before they begin to lay out the 
process that they intend to employ 
to create their soap dispensing 
device. If they need a material that 
you do not have available, require 
them to provide a wri� en rationale 
for using that material and have 
them provide possible vendors.

As part of this Engagement activity, 
students are required to iden-
tify the internal factors that will 
aff ect their team’s solution to the 
Primary Challenge. These factors 
include expenses associated with 
the cost of developing the idea, 
how much it will cost to produce 
the product (keeping in mind 
the materials, processes, and 
labor), the quality of the fi nished 
product, and the packaging and 
shipping costs. Students are 
provided space in their text to 
record these factors. Encourage 
them to save their list and share it 
with the class during the presen-
tation of their solution.

Students are expected to diagram or illustrate at least 
three diff erent solutions to the Primary Challenge. Provide 
them with time to get into their Primary Challenge teams 

to brainstorm ideas and work on their diagrams.

Teaching
i
p
s
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This learning cycle has briefl y 
explored the concept of quality 
control. Students are asked 
to identify specifi cations for 
quality control within their soap 
dispensing device. Each team 
should generate a list of specifi ca-
tions to guide their quality control. 

For example, the dispensing device 
should dispense 1 ounce of soap 
to each customer, or the process 
of dispensing soap should take no 
longer than 10 seconds. To make 
these requirements most effi  cient, 
you may want to encourage your 
students to assign various team 
members to the actual work a� er 
the brainstorming work has been 
completed.

Finally, each team should calculate the fi nal cost of the soap 
for the consumer. The students should consider the various 
internal factors that will contribute to determining a price. 
For example, the cost to produce the product (the materials, 
processes, and labor), the quality of the fi nished product and 
the packaging costs should all be considered.
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You may want to have 
students choose various 
soap colors and scents 

at this point so that mate-
rials may be purchased in 
advance.

Teaching
i
p
s
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Expansion
Although not required, these 
Expansion activities are designed 
to cause teams to delve deeper 
into the concepts explored in this 
learning cycle.

Students should select only one of 
the following options.

1. The students are asked to take 
a look at the Hershey plant 
tour provided on the Internet 
(h� p://www.hersheys.com/
tour/index.shtml). Students 
will have an opportunity 
to see how a company buys 
primary materials from other 
sources. This web site also 
contains excellent examples 
of processes involved in the 
manufacturing process. If 
this web site is unavailable in 
the future, you should have 
your students search for other 
virtual tours of manufac-
turing facilities.

2. Students are required to interview someone who is directly 
involved with designing a product or facility. Students 
should create a list of questions for the interview based on 
what they learned during the learning cycle. Allow time in 
class for students to share their fi ndings.
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3. In this Expansion activity, students are required to compare 
the quality of materials by making cookies. This activity 
can be done inside or outside of class time. Students should 
choose one chocolate chip recipe and make two batches of 
chocolate chip cookies. One batch of cookies should be made 
with name brand chocolate chips and the ingredients listed 
in the recipe. The second batch of cookies should be made 
with a store brand chocolate chips and alternative ingredi-
ents such as an egg substitute. Students should generate a 
list of criteria that they will use to judge the quality of each 
type of cookie. Students should use this criteria to closely 
examine the quality diff erence of the cookies.
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Preparing for the Challenge
Students are asked to begin 
thinking about factors that may 
aff ect and control quality in 
their soap dispensing machine. 
Students need to make decisions 
about the ingredients they intend 
to use for their liquid soap, so that 
they can be ordered to arrive in 
time for the Primary Challenge.

Student Assessment
An assessment rubric has been 
developed for the Exploration and 
Engagement activities. Feel free to 
change this rubric to be� er suit 
your particular needs.



2

59As Good As It Gets

2

As Good As It Gets
Name:        Date:

Element
Criteria

Points
4 3 2 1

Production 
Quality Control

Constructed an 
accurate “go/no 

go” jig; accurately 
categorized the 

paper clips in “go” 
and “no go” piles.

Constructed an 
accurate “go/no go” 
jig; paper clips were 
95% accurate in “go” 

and “no go” piles.

Constructed an 
accurate “go/no go” 
jig; paper clips were 
85% accurate in “go” 

and “no go” piles.

Constructed an 
accurate “go/no go” 
jig; paper clips were 
75% accurate in “go” 

and “no go” piles

Product Costs

Complete and 
accurate calculations 

recorded in 
Inventor’s Logbook;

the cost of labor 
is calculated and 
recorded in the 

Inventor’s Logbook. 

Complete but 
somewhat inaccurate 

calculations 
recorded in 

Inventor’s Logbook;
the cost of labor 
is calculated and 
recorded in the 

Inventor’s Logbook.

Information missing 
and inaccurate 

calculations 
recorded in 

Inventor’s Logbook;
the cost of labor 
is calculated and 
recorded in the 

Inventor’s Logbook.

Information missing 
and inaccurate 

calculations 
recorded in 

Inventor’s Logbook;
the cost of labor 
is not calculated 
and recorded in 
the Inventor’s 

Logbook.

Engagement

Identifi ed parts of 
the soap dispensing 

device; created a 
complete diagram 
of how soap will 
be dispensed in 

Inventor’s Logbook;
team assigned 

roles and worked 
extremely well 

together.

Identifi ed parts of 
the soap dispensing 

device; created a 
somewhat complete 
diagram of how soap 
will be dispensed in 
Inventor’s Logbook;
team assigned roles 

and worked well 
together.

Identifi ed parts of 
the soap dispensing 
device; created an 

incomplete diagram 
of how soap will 
be dispensed in 

Inventor’s Logbook;
team assigned roles 
but did not maintain 

them, had trouble 
working together.

Identifi ed parts of 
the soap dispensing 
device; created an 

incomplete diagram 
of how soap will 
be dispensed in 

Inventor’s Logbook;
did not assign roles 
and did not work 

well together.

Total Points
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Looping 
Through Design 
Looping 
Through Design 
Looping 

Introduction
In this learning cycle, the students 
will be focusing on applications 
of the engineering design model 
and a set of design principles that 
will guide their thinking as they 
solve technological problems. Many 
instructors have adapted unique 
forms of the engineering design 
model; however, they all tend to 
share common characteristics. 

These characteristics are what make 
general problem solving models 
applicable to so many diff erent 
situations. In this learning cycle, 
the design process will be applied 
to both a product and a facility in 
order to assist students in their 
planning for the Primary Challenge. 
Figure 1 illustrates one example 
of the engineering design model 
(sometimes called a design loop) 
promoted in Standards for Technolog-
ical Literacy (ITEA, 2000, 2002).

This learning cycle will begin with 
an activity that causes students 
to explore factors that should 
be considered when designing 
a product. These ideas are then 
merged with a set of universal prin-
ciples that can be applied to almost 
any design situation.  

Manufacturing Technologies
Learning Cycle Three Concept Map

Manufacturing
Technologies

Constraints & 
Trade-Offs

Technological
Utilization

Technological
Design

Technological
Systems

Technological
Spin-Offs
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control
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technologies
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attributes &
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Experienced designers use a variety of processes as well as design 
principles when they develop solutions to various problems. 

For the sake of simplicity, the students will focus on only five 
principles as they work to solve the Primary Challenge for this 
Learning Unit. The five design principles are function, effi  -
ciency, aesthetics, ergonomics, and anthropometrics. The Explo-
ration phase of this learning cycle focuses on applying the 
design principles to product design while the Engagement phase 
engages students in a simulated manufacturing scenario where 
they apply the principles of design to a production facility.

Facility Requirements
Internet access is required for 
research of material/product 
processing. Large open areas (or 
room rearrangement) are necessary 
to allow for an assembly line.

Objectives and 
Essential Questions
Objectives and 
Essential Questions
Objectives and 

1. Generate a viable solution 
to a technological problem 
using a design model (the 
design loop).

Essential Question 7b: To what 
extent can design problems 
be addressed through a 
series of generic procedures 
(a design loop)?

2. Identify and change a set 
of characteristics within a 
design as they pertain to 
a set of design principles 
(i.e., function, effi  ciency, 
aesthetics, ergonomics, and 
anthropometrics) and apply 
those characteristics to the 
development of a product 
and a system.

Essential Question 7c: What design 
criteria is typically considered 
when developing new technol-
ogies (i.e., marketability, safety, 
usability, reliability, cost, mate-
rials, etc.) and how do these 
infl uence the fi nal product/
system design?



64 Project Probase • Manufacturing Technologies

3 3

Suggested Daily Outline

Day One Day Two

Exploration 
Design 
Principles

Refl ection, 
Engagement: 
planning and 
organizing

Day Three Day Four

Engagement: 
implementing 
assembly line

Engagement
Preparing for 
the Challenge

Estimated number of 50- 
minute class periods: 4

Equipment and Materials
Based on a class of 28 students:

• 5 diff erent fl ashlights that range from simple to elaborate 
designs.

• 15-20 inexpensive fl ashlights that can be disassembled.

• Copies of the Design Principles Worksheet (in Appendix, 
page AH)
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Clarifying
the Problem

Brainstorming  
Ideas

Selecting a 
Potential Solution

Modeling and
Prototyping

Testing

Evaluating and 
Refining

Implementing

Communicating
Results

technological
design loop
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Exploration
This activity will focus on the engi-
neering design model and the design 
principles that are used to guide the 
development of a product. 

It is important to have 
students think about the 
design model they will be 

using. Whether the design 
model is directly from Stan-
dards for Technological Literacy
or developed from a diff erent 
source, it should contain the 
following universal elements:

•  Clarifying the problem
•  Brainstorming ideas
•   Selecting a potential solution
•  Modeling and prototyping
•  Testing
•  Evaluating and refi ning
•  Implementing
•  Communicating results

Teaching
i
p
s

Provide the students with fi ve diff erent types of fl ash-
lights. You may want to consider having your students 
bring fl ashlights from home so that you can have a 

wider variety. Students should be organized into teams 
of 2 or 3 and receive a copy of the Design Principles 
Worksheet to be completed as they work through this 
activity.

Teaching
i
p
s
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Notes:
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Ask your students probing ques-
tions that will cause them to think 
about the design principles (i.e., 
function, effi  ciency, aesthetics, 
ergonomics, and anthropometrics) 
as they generate their own set of 
questions. 

For example, ask your students 
to consider questions that would 
cause someone to think about 
the function of a fl ashlight, or the 
ergonomics built into the designs 
that they are working with. 
Example questions are provided.

• Does the fl ashlight use 
rechargeable ba� eries?

• Does the fl ashlight adequately 
provide light in a darkened 
space? 

• Does the flashlight work 
without failure under various 
conditions (water, cold, heat )?

• Is the fl ashlight a� ractive?

• Is the fl ashlight comfortable to hold?

• Is the size and shape of the fl ashlight consistent with what 
a fl ashlight should be?

• Does the fl ashlight have the potential to a� ract the a� en-
tion of prospective buyers?

A� er developing questions of this type, students should 
begin to assess each of the sample fl ashlights based on these 
questions to determine the one that best fi ts their needs as a 
consumer.
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Refl ection
Students will need time to review the fi ve design principles in 
order to categorize the questions they have developed. The fi ve 
design principles along with brief descriptions are provided 
below. The Student Guide defi nes each of these principles; 
however, you should elaborate on how they apply to both a 
product and a facility. Make clear the fact that many other 
design principles exist (form, reliability, safety, durability, etc.), 
but the fi ve categories being used are very universal and appli-
cable to the Primary Challenge.

Function
The extent to which a device 
or process fulfi lls its intended 
purpose. For example, sunglasses 
come in a variety of diff erent 
styles, but they must be able to 
block ultraviolet rays and fi t a 
human face.  

Effi  ciency
Ability to accomplish a purpose or 
function with minimal resources 
(e.g., time, energy, eff ort). For 
example, a portable CD player 
should be able to maximize its 
power supply so that recharging 
or ba� ery replacement is mini-
mized. Another example is maga-
zine companies always looking 
for ways to print materials with 
greater speed and fewer mate-
rials. Automation can also benefi t 
the effi  ciency rating of almost any 
manufacturing process.

Aesthetics
The concern here is for visual 
appeal. Clothing designers 
compete to create the most a� rac-
tive clothing that will appeal to 
consumers and fashion retailers. 
Aesthetics can even be important 
for facilities. Small manufacturers 
that compete to supply a larger 
manufacturer with a component 
or product need to make sure their 
facilities are neat, clean, and well 
organized (if they hope to a� ract 
business and retain employees).
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Ergonomics
The effi  ciency and safety of 
humans in their working envi-
ronments. Ergonomics involve 
careful consideration of interac-
tions between the human body 
and the physical world or between 
humans and the devices that 
they use (remember the fl ash-
light). For example, the design 
of a chair should account for the 
natural curvature of the back. 
When humans are involved with 
manufacturing, the operation of 
machines should be designed to 
minimize any unnecessary phys-
ical strain or tension.

Anthropometrics
Standards and requirements that 
allow the product to fi t the human 
spectrum or condition. Anthro-
pometrics is a contemporary term 
that has applied to products and 
systems for a very long time. For 
example, a baby crib must have 
specifi c widths between slats to 
ensure safety, and the size and 
shape of electrical plugs must be 
designed according to standards to 
ensure that they can function in a 

standard outlet. The use of materials is also an important part 
of anthropometrics. Specifi c requirements for products help 
to ensure safety, reliability, and in some cases quality. Most of 
the tools and machines in manufacturing facilities have been 
designed according to a set of standards to insure interchange-
ability of components in the event of a breakdown or upgrade.
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Allow students time to answer or 
assign as homework the following 
questions in their Inventor’s Logbook 
space provided in their text:

1. Make a list of the design char-
acteristics that would be essen-
tial if the fl ashlight were to be 
used by an elderly member of 
your family. Describe why these 
design characteristics would be 
essential.
Responses to this question should 
consider the needs of an elderly 
person. For example, the grip 
and power bu� on should be 
easily manipulated for those with 
arthritis. 

2. Make a list of the design char-
acteristics that would be essen-
tial if the fl ashlight were to be 
used by a handicapped indi-
vidual with limited use of his 
or her arms or hands. Describe 
why these design characteristics 
would be essential.
Students should again consider 
the specifi c needs of a handicapped 
person with limited use of his or 
her arms and hands. 

Require students to complete their worksheets. 
Remind them to identify the design principle each of 
their questions addresses. A� er providing some time 

for students to respond in their text, have them share 
some of the questions that they developed. They should 
also identify which design principle the question is 
addressing. 

Teaching
i
p
s
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Engagement
This activity is focused on engi-
neering design principles that 
guide the development of manu-
facturing facilities.

You should select a fl ash-
light that is relatively 
simple in its design, easily 

dissembled and reassem-
bled, and low in cost. The 
students will be developing 
a human assembly line to 
assemble the fl ashlight of 
your choosing.

The class should be divided 
into teams of 5-7 students. 
Each team should receive 
one disassembled fl ashlight. 
From the subcomponents and 
the constraints listed in the 
Student Guide, students are 
to design and create a human 
assembly line that considers 
the fi ve basic design prin-
ciples. Additional fl ashlights 
will be needed (of the same 
construction type) so that 
teams can actually implement 
their fi nal solution in the 
assembly line. 

Teaching
i
p
s

The engineering design model used during the Explora-
tion phase should be used to solve this problem. This 
will enable students to understand how the design 

model can be used while designing facilities. This experi-
ence will help your students design the solution for their 
Primary Challenge. 

Teaching
i
p
s
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To: Student Design Teams
From: Management
Re: Facility Design

Our company recently purchased a new building with the intention of dividing it 
into two major areas. One area would be dedicated to the actual production of the 
subcomponents and the second is reserved for the assembly of these components 
after they have been produced. We are giving your design team the challenge of 
creating a facility for our fl ashlight manufacturing company. 

We, as a management team, have determined that we must address many factors 
before constructing the assembly portion of our facility. We hope to eventually 
automate the entire process, but we fi rst must determine the general fl ow and order 
in which the subcomponents are assembled before investing the time and money 
into the equipment. 

There are many companies in the world competing for the production of fl ashlights 
and, as management, we are very concerned about designing our facility to be as 
effi cient as possible. Because of your experience with the basic design principles, 
your team has been hired to provide a solution to this problem. Specifi c details are 
provided on the following page.

Thanks and good luck!

page 1 of 2

DesignBrief

Management
page 1 of 2
Management

page 1 of 2

The student text asks them to solve the problem using the text below:

Essentially, the students will experiment with various assembly techniques until they determine 
the optimum assembly system for these fl ashlights. A� er they have completed this exercise, you 
should lead a discussion of the diff erences between custom production, mass production, and 

custom/mass production. You will want to point out the benefi ts and drawbacks of each, the limita-
tions of each, and the reasons for selecting one system over the others. 

Teaching
i
p
s
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To: Student Design Teams
From: Management
Re: Facility Design

The design loop can be used in a variety of ways to solve many different techno-
logical problems. Though this model is found in various forms, applying it helps to 
insure that a designer is taking into account the many different factors that infl u-
ence design and the success of a fi nal product. (Return to Figure 1 on page 68 to 
better understand how designers implement the design loop.) 

You will be using this process to generate your solutions to the facility design. The 
fi ve basic design principles should guide your research and infl uence your deci-
sions about the proposed and implemented solutions. The following constraints and 
limitations must fi rst be considered before solving this problem:

1. The assembly line must consist of individual cells (or stations) through which 
the product must pass as it is being assembled.

2. Since the cost of producing the line is expensive, each cell should consist of a 
person(s) rather than a machine to represent the automation.

3. The research portion of the design loop should take into consideration the fi ve 
design principles, as they would apply to the facility design. 

4. At least two plausible solutions to the fl ashlight assembly problem must be 
proposed by the team before you are allowed to test your process design. 

5. The feedback stage of the cycle must include references to how each design 
principle could be improved within the facility design. These responses must 
be recorded in the Inventor’s Logbook space at the completion of this activity.

page 2 of 2

DesignBrief
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Expansion
Although not required, these Expansion activities are designed 
to cause teams to delve deeper into the concepts explored in this 
learning cycle. 

1.  In this activity, students will identify the characteristics 
that their dispensing device must have to accommodate the 
process and the variables involved (fragrance, color, label) 
for their Primary Challenge. 

The use of an engineering design model (e.g., defi ning the 
problem, generating potential solutions to the problem, 
selecting the most viable solution, making a model or proto-

type, evaluating the model/
prototype, and presenting 
the results) should be used to 
guide their thinking as they 
encounter diff erent problems 
and issues.

Solutions should take on the 
form of a fl ow chart, which 
uses boxes and arrows to show 
the fl ow for dispensing liquid 
soap. Students must identify 
what materials they are going 
to use and what specifi c things 
must happen to these mate-
rials to reach a fi nal product. 
The fl ow chart should be 
very descriptive and contain 
information about what must 
happen to the materials and 
the dispensing device within 
each component or cell.

2. This activity will reinforce 
the engineering design model 
and the planning of produc-
tion processes. In teams of 
three, students are asked to 
select a product (toilet paper, 
toothpaste, or toothbrush) and 
create a fl ow chart to identify 
key steps and processes that 
must occur in sequence to 
produce the selected product.
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Preparing for the Challenge
Progress on a solution to the 
Primary Challenge is an impor-
tant consideration of this learning 
cycle. Upon completing the activi-
ties, it is very important for the 
Primary Challenge teams to have 
completed a fl ow chart that repre-
sents the processes they will use to 
dispense liquid soap. 
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Notes:
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Student Assessment
An assessment rubric has been 
developed for the Exploration and 
Engagement activities. Feel free to 
change this rubric to be� er suit 
your particular needs. In addition, 
it will be your prerogative as to 
how you assess the answers to the 
questions and other required tasks 
that students placed in their Inven-
tor’s Logbook spaces.
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Looping Through Design

Element
Criteria

Points
4 3 2 1

Overall
Design Model:

applications of 
the generic stages 
within the design 

process.

Demonstrates 
exceptional 

applications of the 
design model in 

solving problems 
in learning cycle.

Demonstrates 
reasonable 

applications of the 
design model in 

solving problems 
in learning cycle.

Demonstrates 
minimal 

applications of the 
design model in 

solving problems 
in learning cycle.

Demonstrates 
poor applications 

of the design 
model in solving 

problems in 
learning cycle.

Exploration/Refl ection
Design Principles:

(product) 
applications of each 

design principle

Demonstrates 
exceptional 

applications of 
design principles 
in product design.

Demonstrates 
reasonable 

applications of 
design principles 
in product design.

Demonstrates 
minimal 

applications of 
design principles 
in product design.

Demonstrates 
poor applications 

of design 
principles in 

product design.

Engagement
Design Principles:

applications 
of each design 

principle through 
researching & 
documenting 

assembly facility 
design

Demonstrates 
exceptional 

applications of 
design principles 
in facility design, 
through research 
documentation.

Demonstrates 
reasonable 

applications of 
design principles 
in facility design, 
through research 
documentation.

Demonstrates 
minimal 

applications of 
design principles 
in facility design, 
through research 
documentation.

Demonstrates 
poor applications 

of design 
principles in 

facility design, 
through research 
documentation.

Engagement
Process Design:

fl ow chart 
containing cells of a 
process to assemble 

a fl ashlight

Developed an 
exceptional 

fl ow chart and 
descriptions.

Developed a good 
fl ow chart and 
descriptions.

Developed 
a reasonable 

fl ow chart and 
descriptions.

Developed a 
poor fl ow chart 

and descriptions.

Engagement
Process Design:

technical 
illustrations of 
facility layout

Developed 
exceptional 

technical 
illustrations of the 

facility layout.

Developed 
good technical 

illustrations of the 
facility layout.

Developed 
reasonable 
technical 

illustrations of the 
facility layout.

Developed 
poor technical 
illustrations 

of the facility 
layout.

Expansion: 
Primary Challenge
solution and fl ow 

chart

Developed 
exceptional fl ow 

chart for the 
Primary Challenge.

Developed good 
fl ow chart for 

Primary Challenge.

Developed 
reasonable fl ow 
chart for Primary 

Challenge.

Developed poor 
fl ow chart for

Primary Challenge.

Totals
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In Control
Introduction
In this learning cycle, students will 
be focusing on the use of micropro-
cessors that are used in computer 
integrated manufacturing envi-
ronments. This learning cycle will 
introduce students to the BASIC 
Stamp® HomeWork Board™ and a 
standard servo motor.

Students will a� ach the servo to 
the HomeWork Board’s project plat-
form and run a set of programs that 
control the movements of the servo. 
Students will use this knowledge 
during the Expansion phase as they 
are challenged to create a valve to 
control the fl ow of water using the 
servo motor.

Objectives and 
Essential Questions
Objectives and 
Essential Questions
Objectives and 

1. Describe how a microprocessor 
is used to control devices and 
systems and to provide infor-
mation to humans.

Essential Question 9b: How do tech-
nologies communicate with one 
another and provide informa-
tion to humans?

2. Write a program to control a 
“position-able” motor.

Essential Question 9a: How are 
technologies used to control 
devices and systems?
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Facility Requirements
No special facility requirements are required as long as students 
have access to computers and a place to design and build their 
valve system.

Equipment and Materials
Based on a class of 28 students (teams of 3-4 students):

(7) BASIC Stamp Homework Boards -  suggested source: 
Parallax, Inc. (www.parallax.com), part # 28158

(7) Standard servo motors - suggested source: Parallax, Inc. 
(www.parallax.com), part # 900-00005

(7) BASIC Stamp serial program-
ming cable - suggested source: 
Parallax, Inc. (www.parallax.com), 
part # 800-00003

BASIC Stamp Editor® version 2.1 
so� ware

(7) 470 Ω Resistors (yellow-violet-
brown)

(7) LEDs

(7) 3-pin Male/Male headers

(11) Jumper wires

(7) 9V Ba� eries

(7) 2 AA ba� ery packs

Small tension springs

Small machine screws

(7) Short lengths of wood 

Ring stands and clamps from the 
chemistry department

cont’d on following page:
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Day One Day Two

Exploration, 
Refl ection  Engagement 

Day Three Day Four

Engagement
Engagement, Engagement, Engagement
Preparing 
for the Challenge

Suggested Daily Outline

Estimated number of 50- 
minute class periods: 4

The following materials can be 
varied, as long the tubing and 
rod chosen fi ts in the chosen t-
connector. You may want to obtain 
a variety of each and have the 
students choose among them:

Flexible rubber tubing

(7) T-Connectors (can be obtained 
from Kelvin)

(7) Rods: wood, metal, or other 
material

(14) Containers to hold water

Students will also need access to 
a personal computer to enter the 
program into the BASIC Stamp 
Editor so� ware and to connect 
their HomeWork Board. 

Exploration
Have students form teams of two and three to come up with 
examples of using controls to perform a function. Allow time 
for students to discuss and compare each team’s responses. 
Some examples include fl ushing a toilet, cruise control in an 
automobile, and an elevator bu� on.
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Refl ection
Students are then asked to independently research two diff erent 
control systems and answer the following questions:

1. Describe how each control works from both the user’s 
standpoint and within the control system itself.
For the cruise control example, the control usually is activated by 
pressing a bu� on. A light is displayed on the dash notifying the 
driver that the cruise control has been activated. The driver is no 
longer required to use the gas pedal. In many cars there is an on/
off  bu� on that has to be pushed to allow the cruise control to be 
set. The set/accel bu� on tells the car to maintain its current speed 

and the coast bu� on decelerates 
the speed. The resume bu� on will 
cause the car to return to the most 
recent speed. Hi� ing the brake 
will disengage the cruise control 
and cruise cannot be set below 25 
mph. The cruise control system 
controls the speed of your car 
internally by adjusting the thro� le 
position. A cruise control actu-
ates the thro� le valve by a cable 
connected to an actuator, instead 
of by pressing a pedal. The thro� le 
valve controls the power and 
speed of the engine by limiting 
how much air the engine takes in.

2. What is the input signal and 
the output signal for each 
control?
The input is the user’s action of 
pressing the bu� on, which gives 
the output of turning the cruise 
control on and displaying the light 
on the dash. 

3. How are the two controls 
diff erent? The same?
Students should compare their 
answers from the two questions 
above for each control they chose 
to research.
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Engagement

The BASIC Stamp microcontroller 
(BS2) and the servo motor are rela-
tively simple devices. Students 
should follow the instructions and 
schematics exactly as given. There 
is a brief introduction to under-
standing schematics on page 94 in 
the Student’s Guide, along with a 
chart explaining a few of the sche-
matic symbols that will be used in 
this Engagement activity. Make sure 
students understand how to read a 
schematic before they go on. Only 
schematics will be given in the next 
learning cycle for se� ing up circuits.
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Depending on students’ knowledge of basic circuitry, 
you may need to go over some of the basics of elec-
tronics and circuitry, such as how a breadboard works 

and how to read a schematic. For an introduction to the 
BASIC Stamp HomeWork Board and a basic explanation of 
electronic components, see ProBase’s Introduction to Parallax’s 
BASIC Stamp HomeWork Board.

Teaching
i
p
s



90 Project ProBase • Manufacturing Technologies

4 4

P14

470 ohm

Vss

P14

Vss

White

Red

Black

Servo
Vin

light emitting diode

resistor

Servo motor

Figure 2. Schematic symbols for 
common electrical components

Figure 1. Interpreting 
a schematic

p14

Vdd VssVin

Figure 3. Wiring diagram for Figure 1.
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Figure 3. Wiring diagram for Figure 1.
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A� er they have a� ached the servo 
motor and run the program, have 
the students address the following 
set of questions:

Where did the servo’s horns 
move to?
The servo’s horns should move to 
the 2 o’clock position in a clock-
wise motion.

Was the movement fast or 
slow?
The servo should move relatively 
quickly.

Did the horns make any revo-
lutions?
The servo should never make a 
revolution. The Parallax servo 
is designed to rotate through an 
180˚ arc.
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An explanation follows the questions so students will under-
stand the program. Students are then given a chance to manip-
ulate a few variables of the program and observe the change.
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Modify the program to deliver half 
as many pulses in each loop. Then 
program the servo to receive twice 
as many pulses. 

1.  How did the servo respond 
diff erently in each situation? 
Why did the servo respond 
diff erently?
Pulses cause the servo to hold a 
position for a certain amount of 
time. By changing the number, 
you change how long it stays in a 
given position.

2.  Modify the duration of the 
fi rst two loops and observe 
the direction the horns move. 
Insert 1000 for the fi rst loop 
and 500 for the second.
The duration controls where the 
servo turns to by telling the servo 
how long the signal will last. By 
changing the number, the servo 
will move to a diff erent location.

Make sure to point out that the 
PULSOUT variable should never 
exceed 1000 or go below 500. 

3.  Brainstorm other applications for the servo motor. How 
could you use the servo motor in manufacturing? What are 
some functions the servo motor could perform?
These questions are important in order to prepare the students to 
design a valve system using the servo motor later in this learning 
cycle. Students may also decide to use the servo motor for their 
Primary Challenge solution. Some examples include connecting 
the servo to a light switch and programming it to turn the lights 
on and off  or connecting the servo to a faucet and programming it 
to turn the water on and off .
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Servo Motor as a Valve

Students are asked to apply the programming 
knowledge they have learned and create a valve 
system using the servo motor. Using the servo as a 
valve will help students prepare for their Primary 
Challenge solution.

Instructions are given to connect a separate ba� ery 
pack to the HomeWork Board, but students are 
given li� le guidance in the implementation of their 
valve system. From the materials they are given, 
students will need to construct a system using the 

servo to move the valve rod in 
and out. They can construct their 
system however they choose, as 
long as it is designed to stop the 
fl ow of water. They can measure 
the success of their design by 
answering the questions that 
follow.

In the example pictured below, the 
water infeed would be connected 
to a plastic bo� le holding water, 
which would provide a reservoir. 
A small pan or bowl would be 
used to collect the water as it fl ows 
through the tubing. The tubing is 
connected through the t-connector. 
The rod is set vertically in the 
t-connector, and with a simple 
mechanical linkage the servo can 
be programmed to raise and lower 
the rod, creating a valve system. 
This is one of many potential solu-
tions to the design problem. 

                Example valve system
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You might want to provide a variety 
of materials for the students to 
choose from for each aspect of their 
valve system. There are diff erent 
t-connecters available that can be 
used; you might want to purchase 
diff erent ones and have students 
choose. Their choice will dictate the 
size of rod to be used. The mate-
rial to be used for their rod is also a 
decision they can make. 

The type of tubing needs to be 
fl exible because the servo does 
not generate a lot of force and the 
program students are using (the 
same as in the above activity) sets 
the servo to a specifi c position but 
does not hold it there for long. The 
mechanical resistance with the servo 
provides some tensional resistance, 
but if the internal friction is not suffi  -
cient, the students will need to use 
a tensioning spring, or some other 
method to hold the servo in position. 

Have the students experiment with this and then answer the 
questions that follow:

1. Are you able to control the fl ow of water completely with 
the servo? If not, how could you modify your design to 
stop the fl ow of water completely?

2. How long did you stop the fl ow of water?
3. What adjustments would need to be made to control the 

fl ow of a diff erent substance?
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Expansion
Although not required, these Expansion activities are designed 
to cause teams to delve deeper into the concepts explored in the 
learning cycle.

Students are asked to research one of three diff erent topics: 
products that contain microprocessors, computer aided design, 
and computer numerical control. They must also prepare a 
report to explain their fi ndings. 
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Preparing for the Challenge
A� er students complete the Expan-
sion activity, ask them to meet 
in their Primary Challenge teams 
so they can brainstorm together 
ways to integrate the BASIC Stamp 
and servo motor into their soap 
dispensing device. Students should 
think through the necessary steps 
and modifi cations in order to 
include the servo into their device.

Student Assessment
An assessment rubric has been 
developed for the Exploration and 
Engagement activities. Feel free to 
change this rubric to be� er suit 
your particular needs.
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In Control

Element
Criteria

Points
4 3 2 1

Engagement: 
Controlling 

a Servo 
Motor

Successfully 
connected the 
servo to the 
Basic Stamp; 
thoroughly 
answered 

questions and 
completed 
exercises.

Successfully 
connected the 
servo to the 
Basic Stamp; 

answered and 
completed 
most of the 
exercises.

Encountered 
diffi  culty in 
connecting 
the servo 

to the Basic 
Stamp; 

answered and 
completed 

a few of the 
exercises. 

Did not 
successfully 
connect the 
servo to the 
Basic Stamp; 

could not 
answer and 

complete the 
exercises.

Expansion: 
Servo as a 

Valve

Successfully 
created a 

valve system 
using the 

servo; applied 
system to 

the Primary 
Challenge.

Successfully 
created a 

valve system; 
diffi  culty 

brainstorming 
application 

of servo 
to Primary 
Challenge.

Encountered 
diffi  culty 
creating a 

valve system; 
unable to 

brainstorm 
for Primary 
Challenge.

Did not 
successfully 

create a 
valve system; 

did not 
brainstorm 
for Primary 
Challenge.

Inventor’s 
Logbook 
Entries

Fully 
answered all 
entries and 
provided 

good 
examples.

Answered 
most of the 
entries and 
provided 

some 
examples.

Answered 
few entries 

and provided 
few examples.

Did not 
answer 

entries and 
did not 
provide 

examples.

Total
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Making Sense 
of it All
Introduction
This learning cycle provides oppor-
tunities for students to interact with 
diff erent types of sensors and learn 
about their functions within the 
manufacturing process. They will 
get a chance to solve a manufac-
turing problem using their choice of 
sensor and build upon their knowl-
edge from the previous learning 
cycle using the BASIC Stamp. 

Objectives and 
Essential Questions
Objectives and 
Essential Questions
Objectives and 

1. Explain how sensors work and 
how they are used in manufac-
turing to control technological 
systems and devices.

Essential Question: What are the 
key elements of the various 
technological systems and what 
are the relationships between 
these systems?

2. Develop a program to logically 
control a set of inputs to achieve 
a desired output.

Essential Question: How is techno-
logical instrumentation used to 
measure, calculate, manipulate, 
and predict the actions of tech-
nological devices and systems?
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Facility Requirements
No special facilities are required for this learning cycle. 
Students should have an adequate work area for assembling the 
electrical circuits.

Equipment and Materials
For 4 teams of 7:

(1) Each of the following sensors:
Inductive Proximity Sensor
Float Switch
Contact Sensor
Foot Switch

(4) LEDs

(4) 4 AA ba� ery pack

(4) Alligator clips and wire

(4) 220 Ω Resistor - Students may 
choose to use a 220 Ω Resistor
(You may want to purchase 
two of each sensor to have 
smaller teams.)

For 7 teams of 3 or 4:

(7) BASIC Stamp HomeWork 
Boards

(7) BASIC Stamp serial program-
ming cables

(14) Contact (push-bu� on) sensor 

(7) 470 Ω Resistors

(14) 220 Ω Resistors

(14) 10K Ω Resistors

(7) LEDs

Jumper wires

(7)4 AA ba� ery packs

(7) 9V ba� ery
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Day One Day Two

Exploration I, 
Refl ection I

Exploration II, 
Refl ection II

Day Three Day Four

Engagement 
Engagement, Engagement, Engagement
Preparing 
for the Challenge

Estimated number of 
50-minute class periods: 
4

Suggested Daily Outline
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Exploration

Four stations should be set up around the room with one of the 
four sensors at each and the following materials: 

(1) LED
(1) AA ba� ery pack
(1-3) Alligator clips and wire
(1) 220 Ω Resistor

If you decide to purchase more than 
one of each type of sensor, you can 
have more stations and more teams. 
You will need one sensor for each 
team. 

Students are fi rst asked to explore 
how their sensors work and then 
they are asked to connect the sensor 
to a power source and an LED by 
following the appropriate schematic.

220 Ω

Subsitute any of these 
sensors into the diagram

6V

LED

Figure 1.  LED 

contact
switch

proximity 
switch

foot
switch

float
switch
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It is important to point out here 
the diff erence between a normally-
open and a normally-closed device 
or sensor. Some of the switches 
the students will use are normally 
open and some are normally closed. 
Students should understand what 
this means.

Normally-open sensors are open 
(not conducting, off ) when you 
do not activate them and closed 
(conducting) when you do activate 
them (turn them on). Normally-
closed sensors remain closed 
(conducting; on) when you do not 
activate them and open (off ) when 
you do activate them. So, depending 
on the type of device or sensor 
(normally open or normally closed) 
you are using, the program may 
cause the opposite output than 
expected. If you have a normally-
open sensor, 0 will be open (off ) and 
1 will be closed (on). For a normally-
closed sensor, 0 will be closed (on) 
and 1 will be open (off ).

Once each team has connected the 
sensor to the ba� ery pack and the 
LED, allow time for each team to 
conduct research about their sensor. 
They should present their fi ndings 
to the class. Presentations should 
only be 3-5 minutes and include a 
description of how the sensor func-
tions and how it is used in manufac-
turing and/or in products. 

The goal for this Exploration is to have students realize that all 
sensors control circuits either by inducing a current or stop-
ping the current fl ow. The LED lights up when the sensor is 
activated if it is a normally-open sensor because it is closing 
the circuit. The LED lights up when the sensor is not activated 
if it is a normally-closed sensor because the circuit is already 
closed. The inductive proximity sensor, for example, has alter-
nating magnetic fl ux lines moving back and forth through a 
coil. As soon as the switch closes, the electrical path through 
the coil is complete and current is induced in the coil.

The other students should keep notes about each sensor in their 
Inventor’s Logbook. These notes will help them decide which 
sensor they will use for their Primary Challenge solution.Primary Challenge solution.Primary Challeng
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Refl ection 
The students will be responding to the following questions in 
the Inventor’s Logbook spaces provided in their text.

 1. Explain how normally open and normally closed devices 
are diff erent.
Normally-open devices are open when you do not activate them 
and normally-closed are closed when you do not activate them.

2. Identify a real-world application for each type of sensor.

•  Inductive Proximity Sensors. 
Inductive proximity sensors are 
used to detect ferrous metals. 
They are used in food manufac-
turing facilities to detect foil packs 
inside cardboard boxes. They can 
be used to control machine tools 
and conveyor systems.

• Float Switch. Float switches are 
used to detect the level of fl uids. 
They are used in applications 
where the level of a fl uid needs to 
be monitored, such as pharma-
ceutical, biotech, and chemical 
industries as well as water tanks 
in factories and beverage manu-
facturing facilities. 

• Contact Sensor. Contact sensors 
are fairly common and require 
physical contact with an object to 
work. They are used in applica-
tions where physical contact can 
be made, such as safety switches, 
machine tool brakes, and start/
stop stations.

• Foot Switch. The foot switch is a 
type of contact sensor. It is used 
when an operator needs to have 
both hands free from a moving 
part such as shear blades, or when 
the operator needs to have both 
hands available to hold things. For 
example, as materials are being 
packaged, it is sometimes neces-
sary to have the operator hold the 
bag open and in the correct place.
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3.  Of the sensors that you 
explored, which sensors might 
be most useful for your soap 
dispensing device that your 
team will design for the Primary 
Challenge?
Students may find ways to use 
almost any of these sensors in the 
solution to the Primary Challenge. 
Contact sensors can be used to 
detect when the soap container is 
positioned correctly. The proximity 
and photoelectric sensor can be used 
for this purpose also. They may 
create solutions where the operator 
can use the foot switch to control 
the circuit. The float switch might 
be used by some teams to indicate 
the level of liquid soap in the soap 
storage containers in the system.

Exploration II
Students are asked to build on their knowledge of sensors and 
their experience working with the BASIC Stamp HomeWork 
Board in the previous learning cycle. In teams, students will 
fi rst construct the Homework Board’s project platform with one 
input (contact sensor) and one output (LED). A� er they have 
programmed the BASIC Stamp  (BS2) and answered the ques-
tions that follow they will get a chance to go through an expla-
nation of the program commands. They will then move onto 
constructing the project platform with two sensors and one 
output. Using Boolean logic, students will command the BS2 to 
respond according to the inputs. 

You may provide students 
with a resistor color code 
chart. There is one avail-

able in ProBase’s Introduc-
tion to Parallax’s BASIC Stamp 
HomeWork Board.

Teaching
i
p
s
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Students will be 
constructing their 
circuits using sche-
matic drawings. Please 
refer them to the 
previous learning cycle 
for guidance on inter-
preting the schematic 
symbols being used. 

•  Does the LED light up? Why or 
why not?
The LED should light up when the 
push-bu� on is pressed a� er the 
program loads. 

If the push-bu� on is pressed for 
a longer period of time the LED 
will blink. The LED blinks because 
it is being turned on (HIGH14) 
and off  (LOW14) repeatedly, very 
quickly (50 ms). The program will 
continue to repeat (LOOP). If the 
LED is not lighting up when the 
push-bu� on is pressed students 
may have constructed the circuit 
incorrectly or entered the wrong 
program commands.  

•  How long will the LED light up 
while pressing the sensor?
The LED should light up (and 
blink) continuously.

P14

470 ohm

Vss

  P4
220 Ω

Vdd

Vss

10K Ω

Figure 2.  Schematic with 
contact sensor 
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Students are asked to manipulate a few of the variables to be� er 
understand the commands being used in the program. 

•  Replace the 1 in the “IF…THEN” command with 0. What 
happens when you press the sensor? Why does this 
happen?
The LED should turn off  when the sensor is pressed and be on 
when it is not pressed. Pin4 will be activated (on) until the sensor 
is pressed turning it off  (0). 

•  Now return the 1 to 0 in the 
“IF…THEN” command and 
replace the 50 with any number 
from 50-250. What happens 
when you press the sensor? 
Why does this happen?
Replacing 50 with a larger number 
will delay the blinking of the LED 
while pressing the push-bu� on. 
The PAUSE command programs 
how long Pin14 will be on and off . 
Thus, the LED will blink while the 
push-bu� on is pressed because it 
is continuously looping through 
turning Pin14, the LED, on and off . 
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Inputs Output Explanation
A B

0 0 0 Switch A is off , Switch B is off , therefore lamp is off 

0 1 0 Switch A is off , Switch B is on, therefore lamp is off 

1 0 0 Switch A is on, Switch B is off , therefore lamp is off 

1 1 1 Switch A is on, Switch B is on, therefore lamp is on

Figure  3. Truth table for simple AND circuit

More Complexity with 
Boolean Logic

Students will use Boolean Logic 
to program two sensors and one 
LED. They will fi rst be introduced 
to two basic logic functions: AND 
and OR. Then they will have an 
opportunity to use each of these 
functions in programming the 
input from the two sensors. You 
may want to spend some time 
going through each function 
because students will be using 
these in the Engagement phase of 
this learning cycle.



5

115Making Sense of It All

5

Inputs Output Explanation
A B

0 0 0 Switch A is off , Switch B is off , therefore lamp is off 

0 1 1 Switch A is off , Switch B is on, therefore lamp is on

1 0 1 Switch A is on, Switch B is off , therefore lamp is on

1 1 1 Switch A is on, Switch B is on, therefore lamp is on

Figure 4.  Truth table for simple OR circuit

P14

470 ohm

Vss

  P4
220 Ω

Vdd

Vss
  P3

220 Ω

Vdd

Vss

10K Ω

10K Ω

Figure 5.  Boolean logic 
function schematic
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Notes:
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Refl ection 

Students should go through each 
of the following questions in their 
teams to make sure they understand 
the OR and AND functions.

1. Describe how the OR and AND 
functions are diff erent.
The AND function requires both 
sensors to be activated or closed in 
order for the output to be activated. 
The OR function requires only one 
sensor to be activated or closed for 
the output to be activated. 

2. How is Boolean logic used in manufacturing?
There are a variety of examples students can come up with. The 
Engagement phase provides some authentic examples of the use of 
a variety of sensors programmed with Boolean logic. For example, 
for safety reasons many large machines must be operated by 
employing two diff erent sensors so both hands are free from 
danger. 
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Engagement
Materials needed per team:

BASIC Stamp HomeWork Board 
470 Ω Resistor

(2) 220 Ω Resistors
(2) 10K Ω Resistors

LED
Jumper wires
Sensor(s) and switch(es): Students will need to decide which one(s) to use.
4AA ba� ery pack
9V ba� ery
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In teams, students are challenged 
to solve one of the following manu-
facturing scenarios. They are asked 
to follow the given guidelines with 
their solution. The foot switch, the 
fl oat switch, and the inductive prox-
imity sensor will need more power 
to operate correctly. See the sche-
matic to understand how to wire 
these devices property to the Home-
Work Board’s project platform.

6v

Vss
  P?

220 Ω

Vdd

Subsitute any of these 
symbols into the diagram

Figure 6.  
Engagement 

schematic
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A� er each team has developed a 
solution they should present it to the 
class. Each presentation should last 
3-5 minutes and provide answers to 
the following questions.

• How eff ectively does the solu-
tion work?

• How did the challenge 
constraints aff ect the design?

• Was additional knowledge 
required to solve the problem?

• If more time was available, 
what additional design changes 
could be made?
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Expansion
Although not required, these Expan-
sion activities are designed to cause 
teams to delve deeper into the 
concepts explored in this learning 
cycle.

1. Several sensors have been 
explored during this learning 
cycle. However, there are other 
sensors that were not explored. 
Conduct research to discover 
at least three diff erent sensors 
that were not covered in this 
learning cycle and write a 
report about them. Your report 
should include an explana-
tion about how they work and 
where they are commonly used.

2. This learning cycle has intro-
duced the concept of Boolean 
logic in its simplest form (i.e., 
OR and AND). There are also 
other functions such as NOT, 
NAND and NOR. Conduct 
research to fi nd the logic 
behind the NAND and NOR 
gate. Sketch the schematic 
symbols used to represent these 
gates and provide the ladder 
logic diagram.
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Preparing for the Challenge

Progress on a solution to the Primary 
Challenge is an important consider-
ation of this learning cycle. In their 
Primary Challenge teams, students 
are asked to discuss and decide 
which sensor(s) or switch(es) their 
soap dispensing device will use. 
They are asked to draw a sche-
matic and a fl ow chart in the space 
provided describing how the sensor 
will be connected to their device 
and how the sensor will work. In 
addition, they should develop the 
programming that will be used to 
control the output of their device 
using their chosen sensor.  

Student Assessment
An assessment rubric has been 
developed for the Exploration and 
Engagement activities. Feel free to 
change this rubric to be� er suit your 
particular needs.
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Making Sense of it All

Element
Criteria

Points
4 3 2 1

Exploration 
I and II 

Completed 
every 

activity with 
exceptional 

quality.

Completed 
activities with 
above average 

quality.

Completed 
most of the 

activities 
with average  

quality.

Completed 
some of the 

activities  
and/or with 

below average 
quality.

Engagement

Created an 
exceptional  
solution to 
one of the 
scenarios. 

Created an 
above average 

solution to 
one of the 
scenarios. 

Created 
an average 
solution or 
chose an 

inappropriate 
sensor.

Did not create 
a solution 
or did not 
follow the 
guidelines.

Inventor’s 
Logbook Entries

Answered 
all questions 
correctly and 

in detail.

Answered 
all questions 
correctly and 

in some detail.

Answered 
most 

questions 
correctly.

Answered 
few questions 

correctly.

Expansion

Completed 
one of the 

activities with 
exceptional 

quality.

Completed 
one of the 

activities with 
above average 

quality.

Completed 
one of the 
activities 

with average 
quality.

Did not 
complete 
one of the 

activities or 
was poor 
quality.

Totals
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It’s NOT a 
Relay Race
Introduction
In this learning cycle, students will 
be focusing on applications of elec-
tromagnetic relays and how they 
work. 

Students are asked to solve a design 
problem with a schematic drawing. 
They are then introduced to a be� er 
solution to the problem using a 
relay. Students will build a relay and 
then complete activities using two 
diff erent types of commercial relays. 

Objectives and 
Essential Questions
Objectives and 
Essential Questions
Objectives and 

1. Understand how relays work.
Essential Question 4b: What are the 

key elements of the various 
technological systems and what 
are the relationships between 
these systems?

2. Create a working relay.
Essential Question 9d: How is tech-

nological instrumentation used 
to measure, calculate, manipu-
late, and predict the actions 
of technological devices and 
systems?

3.  Construct a circuit using a 
commercial relay.

Essential Question 9a: How are 
technologies used to control 
devices and systems?

Manufacturing Technologies
Learning Cycle Six Concept Map

Manufacturing
Technologies

Constraints & 
Trade-Offs

Technological
Utilization

Technological
Design

Technological
Systems

Technological
Spin-Offs

LC 1

LC 2

LC 3

LC 5

LC 6

LC 4

design loop

systems
relationships

systems
relationships

control
devices

control
devices

instrumentation

instrumentation

technologies
communicate

design
criteria

design
criteria

design
criteria

micro
factors

technologies
migrate

attributes &
principles
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Facility Requirements
No special facility requirements are required as long as 
students have access to computers with Internet access and a 
place to design and build their relay models.

Equipment and Materials
Based on a class of 28 students:

Wood nails, and screws

Sheet metal

(7) Ink pen springs

(7) switches

(7) LEDs

(7) 2 AA ba� eries and holder or 9V 
ba� eries and holder

(7) 1 AA ba� ery and holder

Electrical wire

(7) Clear (spade-terminal) relay, 
12 VDC suggested source 
McMaster-Carr part #7266K41

(7) Dip relay, 5VDC suggested 
source Jameco #138430 CP

(28) Lantern ba� eries

(7) Push-bu� on sensors

Jumper wires

(7) Alligator clip sets

(7) Solenoid valve, 24VDC  
suggested source MSC Indus-
trial Supplies Order #07420946 

BASIC Stamp HomeWork Board 

BASIC Stamp serial programming 
cable

BASIC Stamp Editor so� ware
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Day One Day Two

Exploration Exploration

Day Three Day Four

Refl ection, 
Engagement Engagement 

Day Three

Engagement, Engagement, Engagement
Preparing 
for the Challenge

Suggested Daily Outline

Estimated number of 50-
minute class periods: 5

Exploration 
The fi rst part of the Exploration is an introduction to the basics 
of relays. The activities that follow allow for an understanding 
of why relays are used and how they work. Students are asked 
to design a solution using the servo motor, which is not the 
most effi  cient method. A� er they have solved the problem with 
a schematic, a relay is revealed as the be� er solution. Students 
are then asked to create a working relay from the materials 
provided.

A & B = coil terminals
W = common terminal of load circuit
O = normally open terminal of load circuit

SPST
(Normally Open)

Resting State Energized
A O BW

CoilCoil

A O BW

Figure 1. Single pole, single throw relay



6

131It’s NOT a Relay Race

6

Assign the students in teams of 
3 or 4 and have them follow the 
constraints listed below:

1. The power source for the 
control circuit and load circuit 
must not exceed 3 volts DC.

2. The control circuit and load 
circuit must have diff erent 
power sources and diff erent 
voltages.

Figure 2. Functional fl ow diagram of a single-pole, single-throw relay
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Figure 4. A model of a relay

wood

Figure 3. Relay schematic 

A Be� er Solution

Students are then introduced to 
commercial relays and asked to 
construct a circuit using a clear 
miniature spade-terminal relay. 
They should follow the schematic 
provided and observe the electro-
magnet within the relay working.

Due to time constraints 
and the amount of 
resources needed, you 

may want to complete this 
activity through a demon-
stration. You may decide to 
build the relay and demon-
strate it along with a clear 
housed industrial relay.

Teaching
i
p
s
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Students are asked the following 
questions:

1. Describe in your own words 
how the relay you created 
works.
Students should describe that by 
using a small amount of power to 
activate an electromagnet, a relay 
is able to activate a much larger 
amount of power for a separate 
circuit.

2. Do the two separate circuits 
connect and become one 
through the relay? Why or 
why not?
No, the separate circuits never 
connect; that would blow the 
lower voltage circuit. 

3. How does the electromagnet 
work within the relay?
All electromagnetic relays contain 
an electric coil that, when ener-
gized, generates a magnetic force 
that actuates or triggers a switch 
mechanism. 
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Caution: Be careful 
not to directly short 
out the battery. 
Doing so will melt 
the insulation on the 
wires!

Safety

12 VDC
SPDT Relay

Push 
button

6 V LED

6 V

6V (4 AA batteries will also 
work)

Figure 5. Relay schematic 
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Refl ection
The students will be responding 
to the following questions in the 
Inventor’s Logbook space within 
their text:

1. What activates the electro-
magnet in the circuit you 
built?
The electromagnet is activated 
by the lower voltage and moves 
the armature, which causes 
the switch to activate the other 
circuit.

2. What are the essential compo-
nents of all types of relays? 
How do they work together to 
function as a relay?
The essential components of all 
relays are the electromagnet, 
armature, spring, and electrical 
contacts. The spring holds the 
switch in position until a current 
is passed through the coil, which 
generates the magnet to move the 
switch.

3. What types of devices are controlled by relays?
Relays are used when a very small amount of current is needed to 
operate a switch that can handle a larger amount of current.
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5 VDC
SPST Relay

Solenoid valve

P9

Vdd

6 V6V6 V6V

(You can use a Power Supply 
instead of lantern batteries)

Figure 6. Relay schematic 

Engagement
The Engagement phase allows the 
students to use a dip relay with 
the BS2 to control a solenoid valve. 
This activity will help the students 
complete the Primary Challenge.

A solenoid valve is an electro-
mechanical device that takes an 
electrical input and gives a mechan-
ical output. Solenoid valves are o� en 
used in industrial conveyors and 
machines because upon receiving 
an electrical impulse they can move 
mechanical joints and components.

Students are asked to enter the 
following program into the BASIC 
Stamp Editor so� ware:

‘{$STAMP BS2}
‘ {$PBASIC 2.5}

HIGH 9 Turns pin 9 on
PAUSE 3000 Keeps pin on for 3 sec.
LOW 9 Turns pin 9 off 
PAUSE 4000 Keeps pin off  for 4 sec.
END        Ends the program

The above program allows the valve 
to be activated for three seconds 
before the program ends. If students 
would like the program to continu-
ously loop, the “DO” command 
can be inserted above the “HIGH 
9” command and the “LOOP” 
command can replace the “END” 
command. 
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Expansion
Although not required, these Expan-
sion activities are designed to cause 
teams to delve deeper into the 
concepts explored in this learning 
cycle.

Students should select only one of 
the following Expansion options.

1. Identify at least two uses of 
relays around your home and at 
least two uses of relays within 
manufacturing facilities such as 
heat treating, quality control, or 
product distribution. Where are 
they used?

2. Identify at least one other type of relay beyond the single-
pole, single-throw relay and describe where this type of 
relay is used in manufacturing and draw the schematic 
symbol(s).

3. Disassemble a discarded product such as a VCR, stereo 
system, or electric appliance to fi nd out how relays are 
incorporated into the design and how they aff ect the func-
tionality of the device. Record your fi ndings in the space 
provided.
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Notes:
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Preparing for the Challenge
As students complete this final 
learning cycle it is time to begin 
working full-time on the solution 
to the Primary Challenge. Allow 
students some time in their Primary 
Challenge teams to review the ques-
tions posed at the beginning of 
this Learning Unit. As a team, they 
should determine whether or not 
they have been able to answer all of 
these questions. They should also 
be able to add some questions to this 
list- questions that have been gener-
ated through their experiences in the 
learning cycles. Encourage students 
to refl ect on their conceptual growth 
through this Learning Unit.

Student Assessment
An assessment rubric has been 
developed for the Exploration and 
Engagement activities. Feel free to 
change this rubric to be� er suit your 
particular needs. 
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It’s NOT a Relay Race

Element
Criteria

Points
4 3 2 1

Exploration
Completed 

every activity 
with exceptional 

quality.

Completed 
activities with 
above average 

quality.

Completed 
most of the 

activities with 
average  quality.

Completed 
some of the 

activities  and/
or with below 

average quality.

Engagement
Completed 

activity with 
exceptional 

quality.

Completed 
activity with 

above average 
quality.

Completed 
activity with 

average quality.

Completed ac-
tivity with poor 

quality.

Inventor’s 
Logbook 
Entries

Fully answered 
all entries and 
provided good 

examples.

Answered most 
of the entries 
and provided 

some examples.

Answered few 
entries and 

provided few 
examples.

Did not answer 
entries and did 

not provide 
examples.

Expansion
Completed one 
of the activities 

with exceptional 
quality.

Completed one 
of the activities 

with above 
average quality.

Completed one 
of the activities 
with average 

quality.

Did not 
complete one 

of the activities 
or was poor 

quality.

Total
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Name:    Date:  Activity:

Inventor’s Logbook

Manufacturing Technologies
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Observation of: Criteria Total 
Points

4 3 2 1

Helping - 
students off er assistance 

to one another
Consistently Most of the time Some of the time None

Listening - 
students work each 

others’ ideas
Consistently Most of the time Some of the time None

Participating - 
students contribute to 

project/activity
Consistently Most of the time Some of the time None

Persuading - 
students exchange, 
defend, and rethink 

ideas

Consistently Most of the time Some of the time None

Questioning - 
students interact, discuss 
and pose questions to all 

team members

Consistently Most of the time Some of the time None

Respecting -
students encourage and 

support ideas and eff orts 
of others

Consistently Most of the time Some of the time None

Sharing - 
students off er ideas and 
report their fi ndings to 

each other

Consistently Most of the time Some of the time None

Collaborative -

overall team work

Consistently Most of the time Some of the time None

Total Points

Teamwork Rubric

Additional comments:
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Sample Product Questionnaire (Results and Example Analysis Included)

Candy Land, Inc.Candy Land, Inc.
Please help us serve our customers be� er by taking a few minutes to complete this survey. Simply 
circle the answer that best describes you. 

Total number who completed the survey: 10
1. Gender

A. Male:_5_5_ B. Female:_5_5_

Example of Statistical Analysis:
2. Do you eat candy at least once a week?

A. Yes:_7_ 70% of total
4 males = 57% answering yes were males and 80% of all males answered yes
3 females = 43% answering yes were females and 60% of all females answered yes

B. No:_3_ 30% of total
1 male = 33% answering no were males and 20% of all males answered no
2 females = 67% answering no were females and 40% of all females answered no

3. Where do you purchase (or get) candy most o� en?
A. Grocery Store:_1_(1 male)
B. Home:_5_(3 males, 2 females)
C. School:_3_(1 male, 2 females)
D. Other:_1_1_(1 female)

4. What is your favorite type of candy? Hard candy or so� , chewy candy?
A. Hard candy:_6_(4 males, 2 females)
B. So� , chewy candy:_4_(1 male, 3 females)

5. Of the following, what is your favorite fl avor of candy?
A. Chocolate:_5_(2 males, 3 females)
B. Fruit fl avors:_2_(2 males)
C. Caramel or Bu� erscotch:_2_ ( 2 females)
D. Mint:_1_(1 male)

6. What infl uences your decision on which type of candy you buy most o� en?
A. Cost:_3_ (2 males, 1 females)
B. Mood/Appetite:_1_(1 female)
C. Flavor:_2_ (2 females)
D. Varies:_4_(3 males, 1 female)

Learning Cycle One
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Material & Process Evaluation
For the Process Family, indicate how the part was processed when the product was manufactured.

Sub-
Component

Material Family Process Family

Metallic Wood Ceramic Plastic Forming Fabricating Separating Conditioning

Learning Cycle One
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Learning Cycle Three
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                             Team Name:
Team Leader:

List of responsibilities:

Design:

1. 

2. 

3. 

4.

Marketing:

1. 

2. 

3. 

4.

Finance:

1. 

2. 

3. 

4.

Ergonomics/Safety/Environment:

1. 

2. 

3. 

4.
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Stu
de

nts
 w

ill 
un

de
rst

an
d: 1. that technological progression is driven by a number of factors, including individual creativity, 

product and systems innovation, and human wants and needs.
a. How are new technologies developed and marketed? 
b. What social, cultural, and political pressures lead to the need or want for new 

technologies?
c. What are the specifi c roles of professionals involved in technological adaptation and 

change? 
d. What factors need to be in place for new technologies to be viable in the national and 

international marketplace?
e. What are the fundamental processes/principles used to develop new technologies?

2. that technological development for the solution of a problem in one context can spinoff  for use 
in a variety of o� en unrelated applications.

a. How do technologies migrate from one context (or location) to another and what are the 
implications?

b. What roles do the patent, trademark, and copyright laws play in the dissemination of
technological ideas?

c. How have technological innovations caused paradigm shi� s throughout history and 
what are these major shi� s?

3. that technological change can be positive and/or negative, and can have intended and/or 
unforeseen social, cultural, environmental, and political consequences.

a. What are some of the unforeseen consequences of specifi c technological changes 
throughout history?

b. How can a technology cause both good and harm and how do humans prepare for or 
respond to these impacts?

4. how technological systems work, the components of those systems, and how they fi t into the 
larger technological, economic, and social systems.larger technological, economic, and social systems.

a. What are the systems and subsystems involved in the various contexts of technology?
b. What are the key elements of the various technological systems and what are the 

relationships between these systems?
c. How do various technological systems infl uence the economy, society, the environment, 

and culture?

5. that there are compelling and controversial issues associated with the acquisition, development, 
use, and disposal of resources. 

a. What kinds of resources are required in each of the eight technological contexts?
b. What is the relative value of specifi c resources used in technological systems?
c. To what extent have resource issues (acquisition, development, use, and disposal) 

aff ected the direction of technological development?
d. What resources are needed to solve a specifi c design problem (people, information, 

materials, tools, capital, energy, time, technical ability)?

Project ProBaseProject ProBase
Enduring Understandings Essential QuestionsEnduring Understandings Essential QuestionsEngaging Technology
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Stu
de

nts
 w

ill 
un

de
rst

an
d:

6. that the complexities of technological design involve trade-off s among competing constraints 
and requirements, including engineering, economic, political, social, and environmental 
considerations.

a. To what extent have optimal designs been achieved in the eight technological context 
areas?

b.   What are the key factors that cause designers to make decisions about trade-off s, 
limitations, and constraints when designing new products and systems? (Micro Factors)

c. How can members of the public, politicians, or the state of the economy infl uence the 
design of new technological products and systems? (Macro Factors)

d. How can social values and principles guide in the development of solutions to 
technological problems?

7. that technological design is a systematic process used to initiate and refi ne ideas, solve 
problems, and maintain products and systems.

a. What are the fi ve primary methods through which technological problems are 
solved solved and how do they diff er (i.e., troubleshooting, research and development, and how do they diff er (i.e., troubleshooting, research and development, 
experimentation, invention and innovation, design problem solving)?

b. To what extent can design problems be approached through a series of generic 
procedures (the design loop)?

c. What design criteria is typically considered when developing new technologies (i.e., 
marketability, safety, useability, reliability, cost, materials, etc.) and how do these 
infl uence the fi nal product/system design? 

d. How are decisions made regarding information that should be discarded or ignored?
e. How can the a� ributes of design and the principles of design aid in the development of 

quality solutions?
f. How can the establishment of relationships, controlling variables, categorizing 

techniques, and making inferences aid in the development of new technological 
designs?

8. how to evaluate the benefi ts, limitations, and risks associated with existing and proposed 
technologies.

a. How does a risk/benefi t analysis aid the designer in addressing potentially harmful 
eff ects prior to development?

b. What are some important ethical decisions that should be considered when developing 
any new technology?

c. Are all product/system designs created for the purpose of adding social value?
d. How are ethical considerations, economic considerations, engineering realities, and 

political forces balanced during technological innovation?
e. In what ways are technological needs and wants being balanced with long term 

environmental or social consequences?

9.   how to utilize a variety of simple and complex technologies.
a.  How are technologies used to control devices and systems?
b.  How do technologies communicate with one another and provide information to 

humans?
c.  To what extent are technological systems and devices controlled by people and to what 

extent are they controlled by other technologies?
d.  How is technological instrumentation used to measure, calculate, manipulate, and 

predict the actions of technological devices and systems?
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In addition to Manufacturing Technologies, the ProBase curriculum series off ers seven other Learning  Manufacturing Technologies, the ProBase curriculum series off ers seven other Learning  Manufacturing Technologies
Units. The eight ProBase units can be used independently, in conjunction, or as an entire curriculum pack-
age. A brief description of each of the ProBase learning units follows. For more information, contact the Cen-
ter for Advancing the Teaching of Technology and Science. 

Agriculture and Related Biotechnologies
This unit provides an analysis of the various 
uses and ethical considerations of biotechnol-
ogy. The unit also examines how agricultural 
technologies provide increased crop yields and 
allow adaptation to changing and harsh envi-
ronments, enabling the growth of plants and 
animals for various uses. 

Energy and Power Technologies
This unit examines how energy and power sys-
tems can be made more effi  cient and how they 
may be utilized in problem solving. The unit 
also focuses on how modern energy and power 
systems impact cultures, societies, and the en-
vironment. 

Information and Communication 
Technologies

This unit examines how technology facili-
tates the gathering, manipulation, storage, and 
transmission of data and how this data can be 
used to create useful products. The unit also ex-
plores how communications systems can solve
technological problems.

Medical Technologies
This unit provides an analysis of how medical 
technologies are used to increase the quality 
and length of human life, and how increased 
use of technology carries potential consequenc-
es, which require public debate. The tools and 
devices used to repair and replace organs, pre-
vent disease, and rehabilitate the human body 
are also explored. 

Construction Technologies
This unit explores the factors infl uencing the de-
sign and construction of various structures, in-
cluding the infrastructural elements, communi-
ty development factors, and environmental con-
siderations. In addition, the unit provides expe-
rience with hands-on construction techniques 
and with modeling structures to scale.

Entertainment and Recreation Technologies
The unit explores technological entertainment 
and recreation systems and how their use im-
pacts human leisure-time performance. The so-
cial, cultural, and environmental implications 
of entertainment and recreation technologies 
are also examined. 

Transportation Technologies
This unit looks at the complex networks of in-
terconnected subsystems that comprise trans-
portation systems and the roles of these compo-
nents in the overall functional process of trans-
portation. The unit also provides an analysis of 
the improvements and the impacts of transpor-
tation technologies on the environment, society, 
and culture.


